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HOST MATERIAL, COMPOSITION, AND
ORGANIC ELECTROLUMINESCENT
ELEMENT

TECHNICAL FIELD

The present invention relates to a compound useful as a
host material, and a composition and an organic light-
emitting device using the compound.

BACKGROUND ART

Studies for enhancing the light emission efliciency of
light-emitting devices such as organic electroluminescent
devices (organic EL devices) are being made actively. In
particular, various kinds of eflorts have been made for
increasing light emission efliciency by newly developing
and combining an electron transporting material, a hole
transporting material, a light emitting material, and a host
material to constitute an organic electroluminescent device.
Among them, an organic electroluminescent device that
utilizes a delayed fluorescent material has been developed
and has attracted attention (see NPL 1).

A delayed fluorescent material 1s a material which, 1n an
excited state, after having undergone reverse intersystem
crossing from an excited triplet state to an excited singlet
state, emits fluorescence when returming back from the
excited singlet state to a ground state thereof. Fluorescence
through the route 1s observed later than fluorescence from
the excited singlet state directly occurring from the ground
state (ordinary fluorescence), and 1s therefore referred to as
delayed fluorescence. Here, for example, in the case where
a light-emitting compound 1s excited through carrier injec-
tion thereinto, the occurring probability of the excited sin-
glet state to the excited triplet state 1s statistically 25%/75%,
and therefore improvement of light emission efliciency by
the fluorescence alone from the directly occurring excited
singlet state 1s limited. On the other hand, in a delayed
fluorescent material, not only the excited singlet state
thereol but also the excited triplet state can be utilized for
fluorescent emission through the route via the above-men-
tioned reverse intersystem crossing, and therefore as com-
pared with an ordinary fluorescent materal, a delayed tluo-
rescent material can realize a higher emission efliciency. The
delayed fluorescent material having such characteristics 1s
generally used in a light-emitting layer of an organic elec-
troluminescent device along with a host material therein,
and actually contributes toward improvement of emission
ciliciency.

CITATION LIST
Non-Patent Literature
NPL 1: Uoyama, et al., Nature 492, 234-238 (2012)

SUMMARY OF INVENTION

Technical Problem

As a host material to be combined with a delayed fluo-
rescent material, a compound having a larger lowest excited
singlet energy than a delayed fluorescent material 1s
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selected. However, even when a host material used as
combined with a conventional fluorescent material that does
not emit delayed fluorescence 1s combined with a delayed

fluorescent material directly as 1t 1s, a suflicient emission
performance could not be realized. In particular, in an
organic electroluminescent device using a delayed fluores-
cent material, there 1s room for improvement in point of
driving voltage and emission lifetime. Consequently, the
present inventors have made studies for the purpose of
suppressing a driving voltage and prolonging an emission

lifetime while attaining a high emission efliciency in an
organic light-emitting device using a delayed fluorescent
material.

Solution to Problem

As a result of having advanced assiduous studies, the
present inventors have found that, when a host material
having a specific structure 1s used as combined with a
delayed fluorescent material, a prolonged lifetime can be
attained while suppressing a driving voltage and a high
emission efliciency can be thereby realized. The mvention
has been proposed on the basis of these findings, and
specifically has the following constitution.

[1] A host material for use along with a delayed fluorescent
maternal, containing a compound having a structure repre-
sented by the following formula (1):

General Formula (1)

(RS)HS

S/s

wherein R' to R* each independently represent a substitu-
ent not containing a cyano group, R' to R> do not bond
to the other R' to R or Ar to form a cyclic structure, but
neighboring R”’s can bond to each other to form a
benzofuro structure or a benzothieno structure; nl, n3
and n5 each independently represent an integer of any
of 0 to 4, n2 represents an 1mteger of any of O to 3, n4
represents an nteger of any of 0 to 2; X represents an
oxygen atom or a sulfur atom; Ar represents a mono-
cyclic arylene group or a monocyclic heteroarylene
group, and the monocyclic arylene group and the
monocyclic heteroarylene group can be substituted
with a substituent not containing a cyano group.
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[2] The host material according to [1], wherein the com-

pound has a structure represented by the following general
formula (2):

General Formula (2)

R2 )HZ 7

(
/» \

_’_,..--"“
(R%),u6 !
N\

T‘N (R3)H3

wherein R' to R° each independently represent a substituent
not containing a cyano group, R* to R> do not bond to the
other R' to R® to form a cyclic structure, but neighboring
R>’s can bond to each other to form a benzofuro structure or
a benzothieno structure; nl, n3 and n3 each independently
represent an integer of any of 0 to 4, n2 and n6 each
independently represent an integer of any of 0 to 3, n4
represents an integer of any of 0 to 2; X represents an oxygen
atom or a sulfur atom.

[3] The host matenial according to [1], wherein the com-
pound has a structure represented by the following general

formula (3)

General Formula (3)

wherein R' to R® each independently represent a substitu-

ent not containing a cyano group, R' to R> do not bond

to the other R' to R® to form a cyclic structure, but

neighboring R>’s can bond to each other to form a

benzofuro structure or a benzothieno structure; nl, n3

and n5 each independently represent an integer of any

of 0 to 4, n2 and n6 each imdependently represent an

integer of any of 0 to 3, n4 represents an integer of any

of 0 to 2; X represents an oxygen atom or a sulfur atom.

[4] The host matenial according to any one of [1] to [3],

wherein R’ to R” each independently represent a substituent

having a Hammett’s op value that falls within a range of
—-0.3 to 0.3,

Ar represents a monocyclic arylene group optionally

substituted with a substituent having a Hammett’s op value

that falls within a range of —0.3 to 0.3, or a monocyclic
heteroarylene group optionally substituted with a substituent
having a Hammett’s op value that falls within a range of

-0.3 to 0.3.
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[5] The host material according to any one of [1] to [4],
wherein R' to R> each independently represent one group or
a combination of two or more groups selected from the
group consisting of an alkyl group (for example, having 1 to
40 carbon atoms) and an aryl group (for example, having 6
to 30 carbon atoms),

Ar represents a monocyclic arylene group optionally
substituted with one group or a combination of two or more
groups selected from the group consisting of an alkyl group
(for example, having 1 to 40 carbon atoms) and an aryl
group (for example, having 6 to 30 carbon atoms), or a
monocyclic heteroarylene group optionally substituted with
one group or a combination of two or more groups selected
from the group consisting of an alkyl group ({or example,
having 1 to 40 carbon atoms) and an aryl group (for
example, having 6 to 30 carbon atoms).

[6] The host material according to any one of [1] to [5],
wherein Ar 1s a substituted or unsubstituted 1,3-phenylene
group.

7] The host material according to any one of [1] to [6],
wherein X 1s an oxygen atom.

[8] A composition containing the host material of any one of
[1] to [7] doped with a delayed fluorescent matenal.

[9] The composition according to [8], which 1s a film.

[10] The composition according to [8] or [9], wherein the
delayed fluorescent material 1s a compound having a cya-
nobenzene structure 1n which the number of the cyano group
substituting on the benzene ring 1s one.

[11] The composition according to [8] or [9], wherein the
delayed fluorescent material 1s a compound having a dicya-
nobenzene structure i which the number of the cyano
groups substituting on the benzene ring 1s two.

[12] The composition according to any one of [8] to [11],
wherein the delayed fluorescent material 1s a compound
having an azabenzene structure in which at least one ring
skeleton-constituting carbon atom of the benzene ring 1s
replaced with a nitrogen atom.

[13] The composition according to any one of [8] to [12],
further containing a fluorescent compound whose lowest
excited singlet energy 1s lower than that of the host material
and the delayed fluorescent materal.

[14] An organmic light-emitting device having a layer of the
composition of any one of [8] to [13].

[15] The organic light-emitting device according to [14],
wherein the layer 1s formed of atoms alone selected from the
group consisting of a carbon atom, a hydrogen atom, a
nitrogen atom, an oxygen atom, a sulfur atom, a boron atom,
and a halogen atom.

[16] The organic light-emitting device according to [14],
wherein the layer 1s formed of atoms alone selected from the
group consisting of a carbon atom, a hydrogen atom, a
nitrogen atom, an oxygen atom, and a sulfur atom.

[17] The organic light-emitting device according to any one
of [14] to [16], which 1s an organic electroluminescent
device.

[18] The organic light-emitting device according to any one
of [14] to [177], wherein the composition does not contain the
fluorescent compound, and the maximum component for
light emission from the device 1s light emission from the
delayed fluorescent material.

[19] The organic light-emitting device according to any one
of [14] to [17], wherein the composition contains the fluo-
rescent compound, and the maximum component for light
emission from the device 1s light emission from the fluo-

rescent compound.

Advantageous Effects of Invention

Using the host material doped with a delayed fluorescent
material as an organic light-emitting device, there can be
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provided an organic light-emitting device that can be driven
at a low voltage and can have a long lifetime and a high
emission etliciency.

BRIEF DESCRIPTION OF DRAWING

[FIGURE] This 1s a schematic cross-sectional view show-
ing an example of a layer configuration of an organic
electroluminescent device.

DESCRIPTION OF EMBODIMENTS

The contents of the invention will be described 1n detail
below. The constitutional elements may be described below
with reference to representative embodiments and specific
examples of the invention, but the invention 1s not limited to
the embodiments and the examples. In the description
herein, a numerical range expressed as “to” means a range
that includes the numerical values described before and after
“to” as the upper limit and the lower limit. The hydrogen
atom that 1s present in the molecule of the compound used
in the invention 1s not particularly limited in 1sotope species,
and for example, all the hydrogen atoms 1n the molecule
may be 'H, and all or a part of them may be “H (deuterium
D). In a preferred embodiment of the invention, all the
hydrogen atoms in the molecule are 'H. In one embodiment
of the mvention, all the hydrogen atoms 1n the molecule are
“H (deuterium D). In one embodiment of the invention, a
part of the hydrogen atoms in the molecule are 'H, and the
remainder are “H (deuterium D). In the description of the
invention, the term “substituted” or “substituent” does not
include a hydrogen isotope except 'H such as *H (deuterium
D).

(Compound Represented by General Formula (1))

In the mvention, a compound represented by the follow-

ing general formula (1) 1s used.

General Formula (1)

(RS)HS
X H/H
(RY),.4 \
,/\ / ~ /

(RJ)HI

P

N o B \
-0

NN

---'""'Ill-.

In the general formula (1), R' to R> each independently
represent a substituent not containing a cyano group.

In one embodiment of the invention, R' to R> each
independently represent a substituent having a Hammett’s
op value that falls within a range of —0.3 to 0.3. In one
embodiment of the invention, R' to R> each independently
represent a substituent having a Hammett’s op value that
talls within a range of —0.2 to 0.2. In one embodiment of the
invention. R' to R” each independently represent a substitu-
ent having a Hammett’s op value that falls within a range of
—0.1 to 0.1. In one embodiment of the invention, R* to R’
cach independently represent a substituent having a Ham-
mett’s op value that falls within a range of more than 0 and
0.3 or less. In one embodiment of the invention, R' to R’
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6

cach independently represent a substituent having a Ham-
mett’s op value that falls within a range of —0.3 or more and
less than 0.

Here. “Hammett’s o, value” 1s one propounded by L. P.
Hammett. and 1s one to quantily the influence of a substitu-
ent on the reaction rate or the equilibrium of a para-
substituted benzene derivative. Specifically, the value 15 a
constant (0,) peculiar to the substituent in the following
equation that 1s established between a substituent and a
reaction rate constant or an equilibrium constant in a para-
substituted benzene dernivative:

log(k/ky )=po,
or

log(K/Ky)=po,

In the above equations, k represents a rate constant of a
benzene derivative not having a substituent; k, represents a
rate constant of a benzene derivative substituted with a
substituent; K represents an equilibrium constant of a ben-
zene derivative not having a substituent; K, represents an
equilibrium constant of a benzene derivative substituted
with a substituent; p represents a reaction constant to be
determined by the kind and the condition of reaction.
Regarding the description relating to the “Hammett’s o,
value” and the numerical value of each substituent, reference
may be made to the description relating to o, value 1n
Hansch, C. et. al., Chem. Rev., 91, 165-195 (1991). A group
having a negative Hammett’s o, value tends to exhibit an
clectron donor property, and a group having a positive
Hammett’s o, value tends to exhibit an electron acceptor
property.

In one embodiment of the invention, R* to R> each are
independently a substituent not having an unshared electron
pair. In one embodiment of the invention, R* to R> each are
independently a substituent not having a n-electron.

In one embodiment of the invention, R' to R’ each
independently represent one group or a combination of two
or more groups selected from the group consisting of an
alkyl group (for example, having 1 to 40 carbon atoms) and
an aryl group (for example, having 6 to 30 carbon atoms).

In one embodiment of the invention, R' to R> each are
independently an alkyl group having 1 to 30 carbon atoms
and optionally substituted with an aryl group having 6 to 20
carbon atoms. In one embodiment of the invention, R' to R>
cach are independently an aryl group having 6 to 20 carbon
atoms and optionally substituted with an alkyl group having
1 to 30 carbon atoms. In one embodiment of the invention,
R' to R” each are independently an unsubstituted alkyl group
having 1 to 30 carbon atoms. In one embodiment of the
invention, R' to R> each are independently an unsubstituted
aryl group having 6 to 20 carbon atoms.

R' to R’ do not bond to the other R' to R> or Ar to form
a cyclic structure, but neighboring R>’s can bond to each
other to form a benzofuro structure or a benzothieno struc-
ture. Consequently, the dibenzofuran (tricyclic structure) on
the left side in the general formula (1) 1s not further
condensed with any other ring to form a tetracyclic or more
polycyclic structure. Also, the benzolurocarbazole (penta-
cyclic structure), the benzothienocarbazole (pentacyclic
structure), a bisbenzofurocarbazole (heptacyclic structure)
and the bisbenzothienocarbazole (heptacyclic structure) on
the right side in the general formula (1) are not further
condensed with any other ring. Preferably, the structure on
the right side of the general formula (1) 1s a pentacyclic
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structure. Namely, in one preferred embodiment of the
invention, R*>’s do not bond to each other to form a cyclic

structure.

In the general formula (1), nl, n3 and n3 each indepen-
dently represent an integer of any o1 O to 4, n2 represents an
integer of any of 0 to 3, n4 represents an integer of any of
0 to 2. In one embodiment of the invention, nl to nS each are
independently an integer of any of 0 to 2. In one embodiment
of the invention, nl 1s 0. In one embodiment of the inven-
tion, n2 1s 0. In one embodiment of the invention, n3 1s 0. In
one embodiment of the invention, n4 1s 0. In one embodi-
ment of the mvention, n5 1s 0. In one preferred embodiment
of the invention, nl to n5 are all O.

In the general formula (1), X represents an oxygen atom
or a sulfur atom. In one embodiment of the invention, X 1s
a sulfur atom. In one preferred embodiment of the mnvention,
X 1s an oxygen atom.

In the general formula (1), a single bond extends 1n the
lower left direction from the ortho-position of the benzene
ring bonding to the right side of X. The single bond may
bond to any of the 1- to 4-positions of the carbazole structure
positioned on the right side of Ar 1n the general formula (1).
Also, X may bond to any of the 1- to 4-positions of the
carbazole structure positioned on the right side of Ar 1n the
general formula (1). However, the single bond and X bond
to the neighboring carbon atoms that constitute the skeleton
of the carbazole structure. Consequently, when the single
bond bonds to the 2-position, X bonds to the 1-position or
the 3-position. When the single bond bonds to the 3-position,
X bonds to the 2-position or the 4-position. When the single
bond bonds to the 1-position, X bonds to the 2-position.
When the single bond bonds to the 4-position, X bonds to the
3-position. In the general formula (1), the single bond 1is
positioned upper than X, but the general formula (1) shall
include a structure of the following general formula (1')
where the single bond 1s positioned lower than X.

General Formula (1)

Z

_}.{--- (R?)us

As the benzofurocarbazol-9-yl group bonding to Ar in the
general formula (1), a substituted or unsubstituted benzofuro
[2,3-a|carbazol-9-yl group can be employed. Also, a substi-
tuted or unsubstituted benzofuro|3,2-aJcarbazol-9-yl group
can be employed. Also, a substituted or unsubstituted ben-
zoluro[2,3-b]carbazol-9-yl group can be employed. Also, a
substituted or unsubstituted benzofuro[3,2-b]carbazol-9-yl
group can be employed. Also, a substituted or unsubstituted
benzoturo[2,3-c]carbazol-9-yl group can be employed.
Also, a substituted or unsubstituted benzofuro|3,2-c|carba-
zol-9-yl group can be employed.

As the benzothienocarbazol-9-yl group bonding to Ar 1n
the general formula (1), a substituted or unsubstituted ben-
zothieno[2,3-a]carbazol-9-yl group can be employed. Also,
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a substituted or unsubstituted benzothieno|3,2-a]carbazol-9-
yl group can be employed. Also, a substituted or unsubsti-
tuted benzothieno[2,3-b|carbazol-9-yl group can be
employed. Also, a substituted or unsubstituted benzothieno
[3,2-b]carbazol-9-yl group can be employed. Also, a substi-
tuted or unsubstituted benzothieno|2,3-c]carbazol-9-yl
group can be employed. Also, a substituted or unsubstituted
benzothieno[3,2-c]|carbazol-9-yl group can be employed.

As the bisbenzotfurocarbazol-9-yl group bonding to Ar 1n
the general formula (1), a substituted or unsubstituted bis-
benzoturo[2,3-a:2'3'-f|carbazol-9-yl group can be
employed. Also a substituted or unsubstituted bisbenzofuro
[3,2-a:3"2'-T]carbazol-9-yl group can be employed. Also a
substituted or unsubstituted bisbenzoturo|2,3-b:2',3'-¢e]|car-
bazol-9-yl group can be employed. Also a substituted or
unsubstituted bisbenzoturo[3,2-b:3',2'-e|carbazol-9-yl
group can be employed. Also a substituted or unsubstituted
bisbenzofuro[2,3-c:2",3'-d]carbazol-9-yl group can be
employed. Also a substituted or unsubstituted bisbenzofuro
[3,2-c:3".2'-d]carbazol-9-yl group can be employed.

As the bisbenzothienocarbazol-9-yl group bonding to Ar
in the general formula (1), a substituted or unsubstituted
bisbenzothieno[2,3-a:2',3'-f|carbazol-9-yl group can be
employed. Also a substituted or unsubstituted bisbenzoth-
ieno|3,2-a:3",2'-1]carbazol-9-yl group can be employed. Also
a substituted or unsubstituted bisbenzothieno|[2,3-b:2',3'-¢]
carbazol-9-yl group can be employed. Also a substituted or
unsubstituted bisbenzothieno[3,2-b:3",2'-¢|carbazol-9-yl
group can be employed. Also a substituted or unsubstituted
bisbenzothieno [2,3-c:2'.3'-d|carbazol-9-yl group can be
employed. Also a substituted or unsubstituted bisbenzoth-
ieno [3,2-c:3',2'-d]|carbazol-9-yl group can be employed.

Specific examples of the substituted or unsubstituted
benzoturocarbazol-9-yl group or the substituted or unsub-
stituted benzothienocarbazol-9-yl group bonding to Ar 1n
general formula (1) are shown below. However, the structure
employable 1n the invention should not be limitatively
interpreted by these specific examples. In this description, *
shows a bonding position. Ph represents an unsubstituted
phenyl group. Also 1n this description, a methyl group 1s not
expressed as CH,, and the expression of CH, 1s omitted as
on the left lower side of D7.

D1

D2
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In the general formula (1), Ar represents a monocyclic
arylene group or a monocyclic heteroarylene group. A
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monocyclic arylene group referred to herein means a non-
condensed phenylene group. A monocyclic heteroarylene
group means a non-condensed, monocyclic structured aro-
matic ring group, which contains a hetero atom as a ring
skeleton-constituting atom. The number of the ring skeleton- >
constituting atoms of the monocyclic heteroarylene group 1s
preferably 5 to 7, more preferably 5 or 6, and for example,
one having 6 such atoms can be employed. Examples of the

hetero atom to constitute the ring skeleton of the monocyclic
heteroarylene group include a nitrogen atom, an oxygen
atom and a sulfur atom, and a nitrogen atom 1s preferred. The
ring to constitute the monocyclic heteroarylene group
includes a pyridine ring, a pyridazine ring, a pyrimidine ring,
a pyrazine ring, and a triazine ring.

When the carbazole expressed on the right side in the
general formula (1) bonds to the 1-position of the single ring
that constitutes Ar, the benzofuran expressed on the left side
in the general formula (1) may bond to any position of the
single ring to constitute Ar. Preferably, the dibenzofuran
bonds to the 3-position or the 4-position of the single ring to
constitute Ar. In one preferred embodiment of the invention,
the dibenzoturan bonds to the 3-position of the single ring to
constitute Ar (for example, Ar 1s a substituted or unsubsti-
tuted 1,3-phenylene group).

The monocyclic arylene group and the monocyclic het-
croarylene group that Ar can take each may be substituted
with a substituent not containing a cyano group. In one
preferred embodiment of the invention, as the substituent, a
group having a Hammett’s op value that falls within a range
of —0.3 to 0.3 1s selected. Regarding the description and the
preferred range of the substituent having a Hammett’s op
value that falls within a range of —0.3 to 0.3, reference can
be made to the corresponding description of R' to R”. In one
embodiment of the invention, a group not having an
unshared electron pair 1s selected as the substituent. In one
embodiment of the mvention, a group not having a n-elec-
tron 1s selected as the substituent. In one preferred embodi-
ment of the invention, one group or a combination of two or
more groups selected from the group consisting of an alkyl
group (for example, having 1 to 40 carbon atoms) and an
aryl group (for example, having 6 to 30 carbon atoms) 1s
selected as the substituent. In one preferred embodiment of
the invention, an alkyl group having 1 to 30 carbon atoms 1s
selected as the substituent. Regarding the description and the
preferred range of the alkyl group, reference can be made to
the corresponding description of R' to R>.

In one preferred embodiment of the invention, Ar 1s a
phenylene group optionally substituted with one to four
alkyl groups each having 1 to 20 carbon atoms, or a
monocyclic heteroarylene group optionally substituted with
one to three alkyl groups each having 1 to 20 carbon atoms.
In one preferred embodiment of the invention, Ar 1s an
unsubstituted phenylene group or an unsubstituted monocy-
clic heteroarylene group.

Specific examples of Ar in the general formula (1) are
shown below, but the structure employable 1n the invention
should not be limitatively interpreted by these specific
examples. t-Bu represents a tert-butyl group, and Ph repre-
sents an unsubstituted phenyl group.
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The dibenzofuran expressed on the left side of the general
formula (1) can bond to Ar at any of the 1- to 4-positions.
In one preferred embodiment of the mnvention, the dibenzo-
furan bonds to Ar at the 2-position. In one embodiment of
the invention, the dibenzoturan bonds to Ar at the 1-position.
In one embodiment of the invention, the dibenzofuran bonds
to Ar at the 3-position. In one embodiment of the invention,
the dibenzofuran bonds to Ar at the 4-position. The 1- to
4-positions of the dibenzofuran are as shown below.
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Specific examples of the dibenzoturanyl group bonding to
Ar 1n the general formula (1) are shown below, but the
structure employable 1n the invention should not be limita-
tively interpreted by these specific examples.
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In the general formula (1), a cyano group 1s not present.
In one preferred embodiment of the invention, the general
tformula (1) 1s composed of a carbon atom, a hydrogen atom,
a nitrogen atom, an oxygen atom and a sulfur atom alone. In
one preferred embodiment of the invention, the general
formula (1) 1s composed of a carbon atom, a hydrogen atom,
a nitrogen atom and an oxygen atom alone. The molecular
weight of the compound represented by the general formula
(1) 1s 499 or more, and 1s preferably 700 or less, more
preferably 600 or less, and can be, for example, 550 or less,
or 530 or less.

A compound represented by the following general for-
mula (2) can be preferably exemplified as the compound
represented by the general formula (1).
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General Formula (2)

;RS ns
Ry & \
\,//"‘/\,t /
\
.
N
____,-""
/
\ F(RS)HB

A compound represented by the following general for-
mula (3) can be preferably exemplified as the compound
represented by the general formula (1).

General Formula (3)

(R*)3

Regarding the definition and the description of R* to R”,
nl to n5, and X 1n the general formula (2) and the general
formula (3), reference can be made to the corresponding
definition and description of the general formula (1).

Regarding the definition and the description of R° in the
general formula (2) and the general formula (3), reference
can be made to the definition and the description of R" to R’
in the general formula (1). n6 in the general formula (2) and
the general formula (3) 1s an 1integer of any of 0 to 3. n6 can
be selected within a range of O to 2, or can be 0 or 1, and 1s
preferably 0. nl to n6 in the general formula (2) and the
general formula (3) can be each independently selected
within a range of O to 2, or can be O or 1. nl to n6 can be
all 0.

Specific examples of the compound represented by the
general formula (1) are shown below, but the compound
employable i1n the invention should not be limitatively
interpreted by these specific examples.

Compound 1
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Compound 14

a2 o

(Delayed Fluorescent Material)

The compound represented by the general formula (1) 1s
useful as a host material for use along with a delayed
fluorescent material.

“Delayed fluorescent material” as referred to herein 1s an
organic compound which, 1n an excited state, undergoes
reverse intersystem crossing from an excited triplet state to
an excited singlet state, and which emits delayed fluores-
cence 1n returning back from the excited singlet state to a
ground state. In the mmvention, a compound which gives
fluorescence having an emission lifetime of 100 ns (nano-
seconds) or longer, when the emission lifetime 1s measured
with a fluorescence lifetime measuring system (e.g., streak

camera system by Hamamatsu Photonics KK), 1s referred to
as a delayed fluorescent material.

When the compound represented by the general formula
(1) 1s used as combined with a delayed fluorescent material,
the delayed fluorescent maternial receives energy from the
compound represented by the general formula (1) 1 an
excited singlet state to transition mto an excited singlet state.
Also, the delayed fluorescent material can receive energy
from the compound of the general formula (1) 1n an excited
triplet state to transition mto an excited triplet state. Of the
delayed fluorescent material, the diflerence between the
excited singlet energy and the excited triplet energy (AE )
1s small, and therefore a delayed fluorescent material 1n an
excited triplet state can readily undergo reverse intersystem
crossing to be a delayed fluorescent material 1n an excited
singlet state. The delayed fluorescent material 1n an excited
singlet state formed through these routes can contribute
toward light emission.

The delayed fluorescent material i1s preferably such that
the difference AE _, between the lowest excited singlet energy
level and the lowest excited triplet energy level at 77K 1s 0.3
eV or less, more preferably 0.25 eV or less, even more
preferably 0.2 €V or less, further more preferably 0.15 eV or
less, further more preterably 0.1 €V or less, further more
preferably 0.07 eV or less, turther more preferably 0.05 eV
or less, Turther more preferably 0.03 eV or less, further more
preferably 0.01 eV or less.

When AE_ 1s smaller, reverse intersystem crossing from
an excited singlet state to an excited triplet state can more
readily occur through thermal energy absorption, and there-
fore the compound of the type can function as a thermal
activation type delayed tluorescent material. A thermal acti-
vation type delayed fluorescent material can absorb heat
generated by a device to relatively readily undergo reverse
intersystem crossing irom an excited triplet state to an
excited singlet state, and can make the excited triplet energy
clliciently contribute toward light emission.
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In the mvention, a lowest excited singlet energy level
(E.,) and a lowest excited triplet energy level (E,,) of a
compound are determined according to the following pro-
cess. AE.-1s a value determined by calculating E.,—E ;.
(1) Lowest Excited Singlet Energy (E.)

A thin film or a toluene solution (concentration: 107
mol/L) of the targeted compound 1s prepared as a measure-
ment sample. The fluorescent spectrum of the sample 1s
measured at room temperature (300 K). For the fluorescent
spectrum, the emission intensity 1s on the vertical axis and
the wavelength 1s on the horizontal axis. A tangent line 1s
drawn to the rising of the emission spectrum on the short
wavelength side, and the wavelength value Aedge [n] at the
intersection between the tangent line and the horizontal axis
1s read. The wavelength value 1s converted into an energy
value according to the following conversion expression to
calculate E,.

L [eV]=1239.85/hedge Conversion Expression:

For the measurement of the emission spectrum 1n
Examples given below, an LED light source (by Thorlabs
Corporation, M300L4) was used as an excitation light
source along with a detector (by Hamamatsu Photonics
K.K., PMA-12 Multichannel Spectroscope C10027-01).
(2) Lowest Excited Triplet Energy (E)

The same sample as that for measurement of the lowest
excited singlet energy (E,) 1s cooled to 77 [K] with liquid
nitrogen, and the sample for phosphorescence measurement
1s 1rradiated with excitation light (300 nm), and using a
detector, the phosphorescence thereol i1s measured. The
emission after 100 milliseconds from irradiation with the
excitation light 1s drawn as a phosphorescent spectrum. A
tangent line 1s drawn to the rising of the phosphorescent
spectrum on the short wavelength side, and the wavelength
value Aedge [nm] at the intersection between the tangent line
and the horizontal axis 1s read. The wavelength value 1s
converted 1nto an energy value according to the following
conversion expression to calculate E ;.

Er[eV]=1239.85/hedge Conversion Expression:

The tangent line to the rising of the phosphorescent
spectrum on the short wavelength side 1s drawn as follows.
While moving on the spectral curve from the short wave-
length side of the phosphorescent spectrum toward the
maximum value on the shortest wavelength side among the
maximum values of the spectrum, a tangent line at each
point on the curve toward the long wavelength side 1s taken
into consideration. With rising thereot (that 1s, with increase
in the vertical axis), the inclination of the tangent line
increases. The tangent line drawn at the point at which the
inclination value has a maximum value 1s referred to as the
tangent line to the rising on the short wavelength side of the
phosphorescent spectrum.

The maximum point having a peak intensity of 10% or
less of the maximum peak intensity of the spectrum 1s not
included 1n the maximum value on the above-mentioned
shortest wavelength side, and the tangent line drawn at the
point which 1s closest to the maximum value on the shortest
wavelength side and at which the inclination value has a
maximum value 1s referred to as the tangent line to the rising
on the short wavelength side of the phosphorescent spec-
trum.

In one preferred embodiment of the ivention, a com-
pound having a cyanobenzene structure in which the number
of the cyano group substituting on the benzene ring 1s one (a
cyanobenzene derivative) 1s used as the delayed fluorescent
material. In another preferred embodiment of the invention,
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a compound having a dicyanobenzene structure in which the
number of the cyano groups substituting on the benzene ring,
1s two (a dicyanobenzene derivative) 1s used as the delayed
fluorescent material. In another preferred embodiment of the
invention, a compound having an azabenzene structure in
which at least one ring skeleton-constituting carbon atom of
the benzene ring 1s replaced with a nitrogen atom (an
azabenzene dernivative) 1s used as the delayed fluorescent
material.

In one preferred embodiment of the mmvention, a com-

pound represented by the following general formula (4) 1s
used as the delayed fluorescent material

General Formula (4)

CN
RZS RZ 1
~ AN
R24'H F R22
R23

In the general formula (4), one of R*' to R* represents a
cyano group or a group represented by the following general
formula (5), the remaining two of R*! to R*® and at least one
of R** and R*> each represent a group represented by the
following general formula (6), the remaining R*' to R*> each
represent a hydrogen atom or a substituent (provided that the
substituent as referred to herein 1s not a cyano group, a group
represented by the following formula (5) and a group
represented by the following formula (6).

General Formula (5)

R3l

*—L14<\N:/<N
N%RSZ

In the general formula (5), L' represents a single bond or
a divalent linking group, R®>" and R** each independently
represent a hydrogen atom or a substituent, * indicates a
bonding position.

General Formula (6)

In the general formula (6). L represents a single bond or
a divalent linking group, R> and R** each independently
represent a hydrogen atom or a substituent, * indicates a
bonding position.

In one preferred embodiment of the invention, R** is a
cyano group. In one preferred embodiment of the mnvention.
R** is a group represented by the general formula (5). In one
embodiment of the invention, R*' is a cyano group or a
group represented by the general formula (35). In one
embodiment of the invention, R*> is a cyano group or a
group represented by the general formula (35). In one
embodiment of the invention, one of R*" to R*’ is a cyano
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group. In one embodiment of the invention, one of R*" to
R*? is a group represented by the general formula (5).

In one preferred embodiment of the invention, L' in the
general formula (5) 1s a single bond. In one embodiment of
the invention. L' is a divalent linking group, preferably a
substituted or unsubstituted arylene group, or a substituted
or unsubstituted heteroarylene group, more preferably a
substituted or unsubstituted arylene group, even more prei-
erably a substituted or unsubstituted 1.4-phenylene group
(the substituent 1s, for example, an alkyl group having 1 to
3 carbon atoms).

In one embodiment of the invention, R*! and R’ in the
general formula (5) each are independently one group or a
combination of two or more groups selected from the group
consisting of an alkyl group (for example, having 1 to 40
carbon atoms), an aryl group (for example, having 6 to 30
carbon atoms, a heteroaryl group (for example, the number
of the ring skeleton-constituting atoms thereof 1s 5 to 30), an
alkenyl group (for example, having 2 to 40 carbon atoms)
and an alkynyl group (for example, having 2 to 40 carbon
atoms) (hereinunder these groups will be referred to as
“oroup of substituent group A”). In one preferred embodi-
ment of the invention, R*>' and R’ each are independently a
substituted or unsubstituted aryl group ({or example, having
6 to 30 carbon atoms), and the substituent for the aryl group
includes the groups of the substituent group A. In one
preferred embodiment of the invention. R°" and R>* are the
same.

In one preferred embodiment of the invention, L* in the
general formula (6) 1s a single bond. In one embodiment of
the invention, L.* is a divalent linking group, preferably a
substituted or unsubstituted arylene group, or a substituted
or unsubstituted heteroarylene group, more preferably a
substituted or unsubstituted arylene group, even more prei-
crably a substituted or unsubstituted 1.4-phenylene group
(the substituent 1s, for example, an alkyl group having 1 to
3 carbon atoms).

In one embodiment of the invention, R>> and R>* in the
general formula (6) each are independently a substituted or
unsubstituted alkyl group (for example, having 1 to 40
carbon atoms), a substituted or unsubstituted alkenyl group
(for example, having 1 to 40 carbon atoms), a substituted or
unsubstituted aryl group (for example, having 6 to 30 carbon
atoms), or a substituted or unsubstituted heteroaryl group
(for example, having 5 to 30 carbon atoms). Here, the
substituent for the alkyl group, the alkenyl group, the aryl
group and the heteroaryl group includes one group or a
combination of two or more groups selected from the group
consisting of a hydroxy group, a halogen atom (for example,
a fluorine atom, a chlorine atom, a bromine atom, an 10dine
atom), an alkyl group (for example, having 1 to 40 carbon
atoms), an alkoxy group ({or example, having 1 to 40 carbon
atoms), an alkylthio group (for example, having 1 to 40
carbon atoms), an aryl group (for example, having 6 to 30
carbon atoms), an aryloxy group (for example, having 6 to
30 carbon atoms), an arylthio group (for example, having 6
to 30 carbon atoms), a heteroaryl group (for example, the
number of the ring skeleton-constituting atoms therein 1s 5
to 30), a heteroaryloxy group (for example, the number of
the rng skeleton-constituting atoms therein 1s 5 to 30), a
heteroarylthio group (for example, the number of the ring
skeleton-constituting atoms therein 1s 5 to 30), an acyl group
(for example, having 1 to 40 carbon atoms), an alkenyl
group (for example, having 1 to 40 carbon atoms), an
alkynyl group (for example, having 1 to 40 carbon atoms, an
alkoxycarbonyl group (for example, having 2 to 40 carbon
atoms), an aryloxycarbonyl group (for example, having 7 to
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40 carbon atoms), a heteroaryloxycarbonyl group (for
example, having 4 to 40 carbon atoms), a silyl group (for
example, a trialkylsilyl group having 3 to 40 carbon atoms),
a nitro group and a cyano group (heremnunder these groups
will be referred to as “group of substituent group B”).

R>® and R** can bond to each other via a single bond or
a linking group to form a cyclic structure. In particular, in the
case where R*? and R°* each are an aryl group, preferably,
these bond to each other via a single bond or a linking group
to form a cyclic structure. The linking group as referred to
herein includes —O— —S—, —NR»)—, —C(R’®)
(R°")—, and —C(=0)—, and —O—, —S—, —N(R>>)—,
and —C(R*°)R>')— are preferred. —O—, —S—, and
—N(R>)— are more preferred. R>> to R’’ each indepen-
dently represent a hydrogen atom or a substituent. As the
substituent, a group of the above-mentioned substituent
group A, or a group ol the above-mentioned substituent
group B can be selected, and the substituent 1s preferably

one group or a combination of two or more groups selected
from the group consisting of an alkyl group having 1 to 10
carbon atoms and an aryl group having 6 to 14 carbon atoms.

The group represented by the general formula (6) 1s

preferably a group represented by the following general
tormula (7).

General Formula (7)

R4l

=I=_L11_N

In the general formula (7), L' represents a single bond or
a divalent linking group. Regarding the description and the
preferred range of L'", reference can be made to the descrip-
tion and the preferred range of L* mentioned hereinabove.

In the general formula (7). R*' to R*® each independently
represent a hydrogen atom or a substituent. R*! and R**, R**
and R*, R*’ and R**, R**and R**, R* and R*°, R** and R™’,
and R*” and R*® each may bond to each other to forma cyclic
structure. The cyclic structure to be formed by bonding to
cach other may be an aromatic ring or an aliphatic ring, or
may also be one contaiming a hetero atom, and further, the
cyclic structure may be a condensed ring of two or more
rings. The hetero atom as referred to herein 1s preferably
selected from the group consisting of a nitrogen atom, an
oxygen atom and a sulfur atom. Examples of the cyclic
structure to be formed includes a benzene ring, a naphtha-
lene ring, a pyndine ring, a pyridazine ring, a pyrimidine
ring, a pyrazine ring, a pyrrole ring, an imidazole ring, a
pyrazole ring, an imidazoline ring, an oxazole ring, an
1soxazole ring, a thiazole ring, an 1sothiazole ring, a cyclo-
hexadiene ring, a cyclohexene ring, a cyclopentaene ring, a
cycloheptatriene ring, a cycloheptadiene ring, a cyclohep-
taene ring, a furan ring, a thiophene ring, a naphthyridine
ring, a quinoxaline ring, and a quinoline ring. A number of
ring may be condensed to form a condensed ring, such as a
phenanthrene ring and a triphenylene ring. The number of
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the rings contained 1n the group represented by the general
tormula (7) can be selected from a range of 3 to 5, or from
a range of 5 to 7.

The substituent that R*' to R*® can take includes groups
of the above-mentioned substituent group B, and is prefer-
ably an unsubstituted alkyl group having 1 to 10 carbon
atoms, or an aryl group having 6 to 10 carbon atoms and
optionally substituted with an unsubstituted alkyl group

having 1 to 10 carbon atoms. In one preferred embodiment
of the invention, R*' to R* each are a hydrogen atom or an
unsubstituted alkyl group having 1 to 10 carbon atoms. In
one preferred embodiment of the invention. R*' to R* each
are a hydrogen atom or an unsubstituted aryl group having
6 to 10 carbon atoms. In one preferred embodiment of the
invention, R*' to R*® are all hydrogen atoms.

In the general formula (7), * indicates a bonding position.

In one preferred embodiment of the mvention, an azaben-
zene dernivative 1s used as the delayed fluorescent matenal.
In one preferred embodiment of the invention, the azaben-
zene derivative has an azabenzene structure where three ring
skeleton-constituting carbon atoms of the benzene ring are
replaced with nitrogen atoms. For example, an azabenzene
derivative having a 1,3,5-triazine structure 1s preferably
selected. In one preferred embodiment of the invention, the
azabenzene derivative has an azabenzene structure where
two ring skeleton-constituting carbon atoms of the benzene
ring are replaced with nitrogen atoms. Examples of the
structure of the azabenzene derivative include a pyridazine
structure, a pyrimidine structure and a pyrazine structure. An
azabenzene derivative having a pyrimidine structure 1s pret-
crably selected. In one embodiment of the invention, the
azabenzene derivative has a pyrnidine structure where one
ring skeleton-constituting carbon atom of the benzene ring 1s
replaced with a nitrogen atom.

In one preferred embodiment of the mvention, a com-
pound represented by the following general formula (8) 1s
used as the delayed fluorescent material.

General Formula (8)

In the general formula (8), at least one of Y', Y* and Y*
1s a nitrogen atom, and the remaining thereof 1s a methine
group. In one embodiment of the invention, Y' is a nitrogen
atom, Y- and Y~ are methine groups. Preferably, Y' and Y~
are nitrogen atoms, and Y~ is a methine group. More
preferably, Y' to Y~ are all nitrogen atoms.

In the general formula (8), Z' to Z> each independently
represent a hydrogen atom or a substituent, and at least one
1s a donor substituent. The donor substituent means a group
having a negative Hammett’s op value. Preferably, at least
one of Z' to Z° is a group containing a diarylamino structure
(where the two aryl groups bonding to the mitrogen atom
may bond to each other), more preferably a group repre-
sented by the general formula (6), and 1s, for example, a
group represented by the general formula (7). In one
embodiment of the invention, only one of Z' to Z° is a group
represented by the general formula (6) or (7). In one
embodiment of the invention, two of Z' to Z° each are
independently a group represented by the general formula
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(6) or (7). In one embodiment of the invention, all Z' to Z°
cach are independently a group represented by the general
tformula (6) or (7). Regarding the details and the preferred
range of the general formula (6) and the general formula (7),
reference can be made to the corresponding description
given hereinabove. The remaining Z' to Z> that are not
groups represented by the general formula (6) and the
general formula (7) are preferably a substituted or unsub-
stituted aryl group (for example, having 6 to 40, preferably
6 to 20 carbon atoms). Examples of the substituent for the
aryl group referred to herein include one group or a com-
bination of two or more kinds of groups selected from the
group consisting of an aryl group (for example, having 6 to
20, preferably 6 to 14 carbon atoms) and an alkyl group (for
example, having 1 to 20, preferably 1 to 6 carbon atoms). In
one embodiment of the mvention, the general formula (8)
does not contain a cyano group.

In one preferred embodiment of the invention, a com-

pound represented by the following general formula (9) 1s
used as the delayed fluorescent material.

General Formula (9)

TADF1
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In the general formula (9), Ar' forms a cyclic structure
that can be substituted with the following A' and D',
representing a benzene ring, a naphthalene ring, an anthra-

cene ring or a phenanthrene ring. Ar* and Ar° each may form

a cyclic structure, and the cyclic structure to be formed 1s a
benzene ring, a naphthalene ring, a pyridine ring or a
benzene ring substituted with a cyano group. m1l represents
an integer of any of 0 to 2, m2 represents an integer of any
of 0 to 1. A" represents a cyano group, a phenyl group, a
pyrimidyl group, a triazyl group, or a benzonitrile group. D'
represents a substituted or unsubstituted 5H-indole[3,2,1-

de]phenazin-5-yl group, or a substituted or unsubstituted
heteroring-condensed carbazolyl group not containing a
naphthalene structure, and in the case where plural D"’s
exist 1 the general formula (9), they may be the same or
different. The substituents of D' may bond to each other to
form a cyclic structure.

Preferred compounds for use as the delayed fluorescent
material are mentioned below, but the delayed fluorescent
material usable in the invention should not be limitatively
interpreted by these specific examples.

TADF?2
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In the mvention, any other known delayed fluorescent
material than the above can be appropriately combined with
the compound represented by the general formula (1) and
can be used here thus combined. In addition, unknown
delayed fluorescent materials can also be used.

As delayed fluorescent materials, there can be mentioned

compounds included 1n the general formulae described 1n
WO02013/154064, paragraphs 0008 to 0048 and 0095 to

0133; W0O2013/011954, paragraphs 0007 to 0047 and 0073
to 0085; W0O2013/011955, paragraphs 0007 to 0033 and
0039 to 0066; W0O2013/081088, paragraphs 0008 to 0071
and 0118 to 0133; JP 2013-256490 A, paragraphs 0009 to
0046 and 0093 to 0134; JP 2013-116975 A, paragraphs 0008
to 0020 and 0038 to 0040: WO2013/133359, paragraphs
0007 to 0032 and 0079 to 0084: WO2013/161437, para-
graphs 0008 to 0054 and 0101-0121: JP 2014-9352 A,
paragraphs 0007 to 0041 and 0060 to 0069; JP 2014-9224 A,
paragraphs 0008 to 0048 and 0067 to 0076: JP 2017-119663
A, paragraphs 0013 to 0025; JP 2017-119664 A, paragraphs
0013 to 0026: JP 2017-222623 A, paragraphs 0012 to 0023;

JP 2017-226838 A, paragraphs 0010 to 0050: JP 2018-
100411 A, paragraphs 0012 to 0043; WO2018/047833,

paragraphs 0016 to 0044; and especially, exemplary com-

TADF69

45

50

55

60

65

Reveae

N
o
® 7@@
TADE70
t-Bu t-Bu
‘)\ =
Y\B AN
‘ \ N N
t—Bu/ / t-Bu

pounds therein capable of emitting delayed fluorescence. In
addition, also employable here are light-emitting materials
capable of emitting delayed fluorescence, as described 1n JP

2013-253121 A, WO2013/133359, W0O2014/0343535,
WO02014/115743, WO02014/122895, W0O2014/126200,
WO02014/136758, WO0O2014/133121. W0O2014/136860,
W02014/196585, WO0O2014/189122, WO2014/168101,
WO02015/008580, W0O2014/203840, WO2015/002213,
W02015/016200, WO2015/019725, WQ0O2015/072470,
W02015/108049, WO0O2015/080182, WO2015/072537,
WO02015/080183, JP 2015-129240 A, W0O2015/129714,
WO02015/129715, WO0O2015/133501, WO2015/136880,
WO02015/137244, WO0O2015/137202, WO2015/137136,
WO02015/146541 and WO2015/159541. These patent pub-

lications described 1n this paragraph are hereby incorporated
as a part of this description by reference.

Preferably, the delayed fluorescent material for use in the
invention does not contain a metal atom. For example, as the
delayed fluorescent material, a compound composed of
atoms alone selected from the group consisting of a carbon
atom, a hydrogen atom, a nitrogen atom, an oxygen atom,
and a sulfur atom can be selected. For example, as the
delayed fluorescent material, a compound composed of
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atoms alone selected from the group consisting of a carbon
atom, a hydrogen atom, a mitrogen atom, and an oxygen
atom can be selected. For example, as the delayed tluores-
cent material, a compound composed of atoms alone
selected from the group consisting of a carbon atom, a
hydrogen atom, and a nitrogen atom can be selected.

Unless otherwise specifically indicated, details of the
alkyl group, the alkenyl group, the aryl group and the
heteroaryl groups are as mentioned below.

The “alkyl group” may be any of a linear, branched or
cyclic one. The group may have two or more kinds of a
linear moiety, a cyclic moiety and a branched moiety as
combined. The carbon number of the alkyl group may be, for
example, 1 or more, 2 or more, or 4 or more. The carbon
number may be 30 or less, 20 or less, 10 or less, 6 or less,
or 4 or less. Specific examples of the alkyl group include a
methyl group, an ethyl group, an n-propyl group, an 1sopro-
pyl group, an n-butyl group, an 1sobutyl group, a tert-butyl
group, an n-pentyl group, an 1sopentyl group, an n-hexyl
group, an 1sohexyl group, a 2-ethylhexyl group, an n-heptyl
group, an 1soheptyl group, an n-octyl group, an isooctyl
group, an n-nonyl group, an isononyl group, an n-decanyl
group, an 1sodecanyl group, a cyclopentyl group, a cyclo-
hexyl group, and a cycloheptyl group. The alkyl group to be
a substituent may be further substituted with an aryl group.
Regarding the alkyl moiety 1n the “alkoxy group”, the
“alkylthio group™, the “acyl group” and the “alkoxycarbonyl
group ’, relerence can be made to the description of the
“alkyl group” given herein.

The “alkenyl group™ as referred to herein may be any of
a linear, branched or cyclic one. The group may have two or
more kinds of a linear moiety, a cyclic moiety and a
branched moiety as combined. The carbon number of the
alkenyl group may be, for example, 2 or more, or 4 or more.
The carbon number may be 30 or less, 20 or less, 10 or less,
6 or less, or 4 or less. Specific examples of the alkenyl group
include an ethenyl group, an n-propenyl group, an 1sopro-
penyl group, an n-butenyl group, an 1sobutenyl group, an
n-pentenyl group, an 1sopentenyl group, an n-hexenyl group,
an 1sohexenyl group, and a 2-ethylhexenyl group. The
alkenyl group to be a substituent may be further substituted
with an aryl group.

The “aryl group” and the “heteroaryl group” each may be
a single ring or may be a condensed ring of two or more
kinds of rings. In the case of a condensed ring, the number
of the rings that are condensed 1s preferably 2 to 6, and, for
example, can be selected from 2 to 4. Specific examples of
the ring include a benzene ring, a pyridine ring, a pyrimidine
ring, a triazine ring, a naphthalene ring, an anthracene ring,
a phenanthrene ring, a triphenylene ring, a quinoline ring, a
pyrazine ring, a quinoxaline ring, and a naphthyridine ring.
Specific examples of the aryl group or the heteroaryl group
include a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a l-anthracenyl group, a 2-anthracenyl group, a
9-anthracenyl group, a 2-pyridyl group, a 3-pyridyl group,
and a 4-pynidyl group. Regarding the “arylene group” and
the “heteroarylene group”, reference can be made to the
description of the aryl group and the heteroaryl group, 1n
which the valency of the group 1s changed from 1 to 2.
Regarding the aryl moiety of the “aryloxy group”, the
“arylthio group™ and the “aryloxycarbonyl group”, reference
can be made to the description of the “aryl group”. Regard-
ing the heteroaryl moiety of the “heteroaryloxy group”, the

“heteroarylthio group” and the “heteroaryloxycarbonyl
group”’, reference can be made to the description of the

“heteroaryl group”.
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(Composition)

The composition of the mnvention contains a compound
represented by the general formula (1) and a delayed fluo-
rescent material. In one embodiment of the invention, the
composition 15 composed ol one or more compounds rep-
resented by the general formula (1) and one or more delayed
fluorescent materials alone. In one embodiment of the inven-
tion, the composition 1s composed of one compound repre-
sented by the general formula (1) and one delayed fluores-
cent material alone. In one embodiment of the invention, the
composition contains a third component 1n addition to a
compound represented by the general formula (1) and a
delayed fluorescent material. The third component as
referred to herein 1s neither a compound represented by the
general formula (1) nor a delayed fluorescent material. The
composition may contain one third component, or may
contain two or more kinds of third components. The content
of the third component in the composition can be selected
within a range of 30% by weight or less, or can be selected
within a range of 10% by weight or less, or can be selected
within a range of 1% by weight or less, or can be selected
within a range of 0.1% by weight or less. In one embodiment
of the imnvention, the third component does not emit light. In
one embodiment of the invention, the third component emaits
fluorescence. In one preferred embodiment of the invention,
the maximum component of emission from the composition
of the mvention 1s fluorescence (including delayed fluores-
cence).

In the composition of the invention, the content by weight
of the compound represented by the general formula (1) 1s
larger than that of the delayed fluorescent material. The
content of the compound represented by the general formula
(1) can be selected within a range of at least three times by
weight the content of the delayed fluorescent material, or can
be selected within a range of at least 10 times by weight, or
can be selected within a range of at least 100 times by
weilght, or can be selected within a range of at least 1000
times by weight, or can be selected, for example, within a
range of at most 10000 times by weight.

In the composition of the invention, preferably, a delayed
fluorescent material having a smaller excited singlet energy
than the excited singlet energy of the compound represented
by the general formula (1) 1s selected. The excited singlet
energy difference can be 0.1 ¢V or more, 0.3 eV or more, 0.5
eV or more, or can be 2 eV or less, or 1.5 eV or less, or 1.0
eV or less.

Preferably, the composition of the mmvention does not
contain a metal element. In one embodiment of the mven-
tion, the composition of the invention 1s composed ol atoms
alone selected from the group consisting of a carbon atom,
a hydrogen atom, a nitrogen atom, an oxygen atom, a sulfur
atom, a boron atom and a halogen atom. In one embodiment
of the invention, the composition of the invention 1s com-
posed of atoms alone selected from the group consisting of
a carbon atom, a hydrogen atom, a nitrogen atom, an oxygen
atom, and a sulfur atom.

In one embodiment of the invention, the compound rep-
resented by the general formula (1) 1s useful as a host
material to be used along with a delayed tluorescent material
and a fluorescent compound. Consequently, 1n one embodi-
ment ol the invention, the composition of the mmvention
contains fluorescent compound 1n addition to the compound
represented by the general formula (1) and a delayed fluo-
rescent material.

Preferably, the fluorescent compound has a smaller lowest
excited single energy (ES1) than the compound represented
by the general formula (1) and the delayed fluorescent
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material. The fluorescent compound receives energy from
the compound of the general formula (1) and the delayed
fluorescent material 1n an excited singlet state and from the
delayed fluorescent material having been in an excited
singlet state from an excited triplet state through reverse
intersystem crossing to transition into a singlet excited state,
and emits tluorescence when thereafter returning back to a
ground state. Not specifically limited, the fluorescent com-
pound may be any one capable of receiving energy from the
compound represented by the general formula (1) and the
delayed fluorescent material to emit fluorescence, and the
emission from the compound may be fluorescence or
delayed fluorescence. Above all, the light-emitting material
for use as the fluorescent compound 1s preferably one
capable of emitting fluorescence when returning back from
a lowest excited singlet energy level to aground energy level.
Two or more kinds of fluorescent compounds can be used
here as combined. For example, by combining two or more
kinds of fluorescent compounds that differ 1n the emission
color, 1t 1s possible to emit light of a desired color.

As the fluorescent compound, usable herein are an anthra-
cene derivative, a tetracene derivative, a naphthacene
derivative, a pyrene derivative, a perylene derivative, a
chrysene derivative, a rubrene derivative, a coumarin deriva-
tive, a pyran derivative, a stilbene derivative, a fluorene
derivative, an anthryl derivative, a pyrromethene derivative,
a terphenyl derivative, a terphenylene denivative, a fluo-
ranthene dernivative, an amine derivative, a quinacridone
derivative, an oxadiazole derivative, a malononitrile deriva-
tive, a pyran derivative, a carbazole derivative, a julolidine
derivative, a thiazole derivative, and a derivative having a
metal (Al, Zn), and a compound having a multiple resonance
ellect such as a boron-containing polycyclic aromatic skel-
cton-having compound such as diazaboranaphthoanthra-
cene. The skeletons exemplified herein may have a substitu-
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ent, or may not have a substituent. These exemplified
skeletons can be combined together.

For specific examples of the fluorescent compound, ref-
erence can be made to the compounds exemplified herein-
above as the specific examples of the delayed fluorescent
material. At that time, the composition of the invention
contains two or more kinds of delayed fluorescent materials,
in which one having a higher lowest excited singlet energy
functions as an assist dopant and the other having a lower
lowest excited single energy functions as a fluorescent
compound that mainly acts for light emission. Preferably,
the compound used as the fluorescent compound has a PL
emission quantum yield of 60% or more, more preferably
80% or more. Also preferably, the compound used as the
fluorescent compound shows an 1nstantaneous fluorescence
lifetime of 50 ns or less, more preferably 20 ns or less. The
instantaneous fluorescence lifetime means an emission life-
time of a component that decays first among plural expo-
nential decay components observed 1n measuring the emis-
sion lifetime of thermally activated delayed fluorescence
compounds. Also preferably, of the compound used as the
fluorescent compound, the fluorescence emission speed to
the ground state from the lowest excited singlet state (S1) 1s
higher than the intersystem crossing speed from S1 to the
lowest excited triplet state (T1). Regarding the computation
method for the speed constant of compounds, reference can
be made to known literature relating to thermally activated
delayed fluorescent matenals (e.g., H. Uoyama, et al.,
Nature 492, 234 (2012), K. Masui, et al., Org. Electron. 14,
2721, (2013)).

Preferred compounds usable as fluorescent compounds
along with delayed fluorescent maternials are shown below,
but the fluorescent compounds usable 1n the nvention
should not be limitatively interpreted by these specific
examples.
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The compounds described in W0O2015/022974, para-
graphs 0220 to 0239 are also preferably employed as a
fluorescent compound 1n the invention.

In one embodiment of the invention, the compound rep-
resented by the general formula (1) can be used along with
any other host material 1n a light-emitting layer (composi-
tion) contaiming plural host materials. Namely, imn one
embodiment of the invention, the composition of the inven-
tion contains plural host materials including the compound
represented by the general formula (1). In the composition
of the mvention plural kinds of compounds represented by
the general formula (1) can be used, or a combination of a
compound represented by the general formula (1) and a host
material not represented by the general formula (1) can be
used.

Hereinunder, preferred compounds usable as the second
host material along with the compound represented by the
general formula (1) are shown, but the second host material
usable 1n the invention should not be limitatively interpreted
by these specific examples.
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The form of the composition of the invention i1s not
specifically limited. In one especially preferred embodiment
of the invention, the composition of the mvention 1s a film.
The film of the composition of the invention can be formed
in a wet process or 1 a dry process.

In a wet process, a solution prepared by dissolving the
composition of the invention 1s applied onto a surface, and

the solvent used 1s removed to form a light-emitting layer.
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The wet process includes a spin coating method, a slit
coating method, an inkjet method (spray method), a gravure
printing method, an offset printing method, and a flexog-
raphic printing method, but 1s not limited to these. In the wet
process, a suitable organic solvent capable of dissolving the
composition of the mvention 1s selected and used. In some
embodiments, a substituent (for example, an alkyl group)
capable of increasing the solubility 1n an organic solvent can
be mntroduced mto the compound contained 1n the compo-
sition of the invention.

As a dry process, a vacuum evaporation method 1s pret-
erably employed. In the case where a vacuum evaporation
method 1s emploved, the compounds constituting the com-
position of the invention can be co-evaporated from indi-
vidual evaporation sources, or can be co-evaporated from a
single evaporation source prepared by mixing all the com-
pounds. In the case where a single evaporation source 1s
used, a mixed powder prepared by mixing powders of all the
compounds can be used, or a compressed-molded article
prepared by compression-molding the mixed powder can be
used, or a mixture prepared by heating, meting and mixing
the compounds and then cooling the resultant mixture can be
used. In some embodiments, plural compounds contained in
a single evaporation source 1s co-evaporated under the
condition that the evaporation speed (weight reducing
speed) 1s the same or 1s nearly the same between the plural
compounds to thereby form a film having a compositional
ratio corresponding to the compositional ratio of the plural
compounds contained in the evaporation source. When
plural compounds are mixed to prepare an evaporation
source 1n the same compositional ratio as the compositional
ratio of the film to be formed, a film having a desired
compositional ratio can be formed in a simple manner. In
some embodiments, a temperature at which the compounds
to be co-evaporated could have the same weight reduction
rate 1s specifically defined, and the temperature can be
employed as the temperature for co-evaporation. In the case
where a film 1s formed 1n an evaporation method, the
molecular weight of each compound to constitute the com-
position 1s preferably 1500 or less, more preferably 1200 or
less, even more preferably 1000 or less, further more pret-
erably 900 or less. The lower limit of the molecular weight
can be, for example, 450, or can be 500, or can be 600.
(Organic Light-Emitting Device)

By forming a light-emitting layer of the composition of
the 1mvention, there can be provided an excellent organic
light-emitting device such as an organic photoluminescent
device (organic PL device) and an organic electrolumines-
cent device (organic EL device). The organic light-emitting
device of the invention 1s a fluorescence emitting device, and
the maximum component for emission from the device 1s
fluorescence (here, fluorescence includes delayed fluores-
cence).

The thickness of the light-emitting layer can be, for
example, 1 to 15 nm, or can be 2 to 10 nm, or can be 3 to
7 nm.

An organic photoluminescent device has a configuration
that has at least a light-emitting layer formed on a substrate.
An organic electroluminescent device has a configuration
that has at least an anode, a cathode, and an organic layer
formed between the anode and the cathode. The organic
layer contains at least alight-emitting layer, and can be a
light-emitting layer alone, or can have any other one or more
organic layers than alight-emitting layer. Such other organic
layers include a hole transporting layer, a hole injection
layer, an electron barrier layer, a hole barrier layer, an
clectron 1njection layer, an electron transporting layer, and
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an exciton barrier layer. The hole transporting layer may also
be a hole 1njection transporting layer having a hole 1njection
function, and the electron transporting layer may also be an
clectron 1njection transporting layer having an electron
injection function. A specific configuration example of an
organic electroluminescent device 1s shown 1n FIGURE. In
FIGURE, 1 1s a substrate, 2 1s an anode, 3 1s a hole 1njection
layer, 4 1s a hole transporting layer, 5 1s a light-emitting
layer, 6 1s an electron transporting layer, and 7 1s a cathode.

In the case where the organic light-emitting device of the
invention 1s a multi-wavelength emission-type organic light-
emitting device, the device can be so designed that shortest
wavelength emission contains delayed fluorescence. The
device can be so designed that shortest wavelength emission
does not contain delayed fluorescence.

The organic light-emitting device using the composition
of the mvention 1s, when excited by a thermal or electronic
means, able to emit light 1n a UV region, or light of blue,
green, yellow, orange or red 1n a visible region (e.g., 420 to
500 nm, 500 to 600 nm or 600 to 700 nm) or light 1n a near
IR region. For example, the organic light-emitting device
can emit light 1n a red or orange region (e.g., 620 to 780 nm).
For example, the organic light-emitting device can emit light
in an orange or yellow region (e.g., 570 to 620 nm). For
example, the organic light-emitting device can emit light 1n
a green region (e.g., 490 to 575 nm). For example, the
organic light-emitting device can emit light in a blue region
(e.g., 400 to 490 nm). For example, the organic light-
emitting device can emit light 1n a UV spectral region (e.g.,
280 to 400 nm). For example, the organic light-emitting
device can emit light 1n an IR spectral region (e.g., 780 to 2
L ).

The maximum component of light emission from the
organic light-emitting device using the composition of the
invention 1s preferably light emission from the delayed
fluorescent material contained 1n the composition of the
invention. Emission from the compound represented by the
general formula (1) 1s preferably less than 10% of light
emission from the organic light-emitting device, and can be
less than 1%, less than 0.1% or less than 0.01%, or even a
detection limit or less. Emission from the delayed fluores-
cent material can be, for example, more than 50%, more than
90%, or more than 99 of light emission from the organic
light-emitting device. In the case where the layer (light-
emitting layer) containing the composition of the mvention
contains a fluorescent material as a third component, the
maximum component ol light emission from the organic
light-emitting device can be emission from the fluorescent
material. In that case, light emission from the fluorescent
material can be, for example, more than 50%, more than
90% or more than 99% of light emission from the organic
light-emitting device.

In the following, the constituent members and the other
layers than the light-emitting layer of the organic electrolu-
minescent device are described.

Substrate:

In some embodiments, the organic electroluminescent
device of the mvention 1s supported by a substrate, wherein
the substrate 1s not particularly limited and may be any of
those that have been commonly used 1 an organic elec-
troluminescent device, for example those formed of glass,

transparent plastics, quartz and silicon.
Anode

In some embodiments, the anode of the organic electrolu-
minescent device 1s made of a metal, an alloy, an electro-
conductive compound, or a combination thereof. In some
embodiments, the metal, alloy, or electroconductive com-
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pound has a large work function (4 eV or more). In some
embodiments, the metal 1s Au. In some embodiments, the
clectroconductive transparent material 1s selected from Cul,
indium tin oxide (ITO), SnO,, and ZnO. In some embodi-
ments, an amorphous material capable of forming a trans-
parent electroconductive film, such as IDIXO (In,O
/nQ), 1s be used. In some embodiments, the anode 1s a thin
film. In some embodiments the thin film 1s made by vapor
deposition or sputtering. In some embodiments, the film 1s
patterned by a photolithography method. In some embodi-
ments, where the pattern may not require high accuracy (for
example, approximately 100 um or more), the pattern may
be formed with a mask having a desired shape on vapor
deposition or sputtering of the electrode material. In some
embodiments, when a material can be applied as a coating,
such as an organic electroconductive compound, a wet film
forming method, such as a printing method and a coating
method 1s used. In some embodiments, when the emitted
light goes through the anode, the anode has a transmittance
of more than 10%, and the anode has a sheet resistance of
several hundred Ohm per square or less. In some embodi-
ments, the thickness of the anode 1s from 10 to 1,000 nm. In
some embodiments, the thickness of the anode 1s from 10 to
200 nm. In some embodiments, the thickness of the anode
varies depending on the material used.

Cathode

In some embodiments, the cathode 1s made of an electrode
material a metal having a small work function (4 eV or less)
(referred to as an electron injection metal), an alloy, an
clectroconductive compound, or a combination thereof. In
some embodiments, the electrode material 1s selected from
sodium, a sodium-potassium alloy, magnesium, lithium, a
magnesium-cupper mixture, a magnesium-silver mixture, a
magnesium-aluminum mixture, a magnesium-indium mix-
ture, an aluminum-alumimmum oxide (AlL,O,) mixture,
indium, a lithium-aluminum mixture, and a rare earth metal.
In some embodiments, a mixture of an electron 1njection
metal and a second metal that 1s a stable metal having a
larger work function than the electron injection metal 1s
used. In some embodiments, the mixture 1s selected from a
magnesium-silver mixture, a magnesium-aluminum mix-
ture, a magnesium-indium mixture, an aluminum-aluminum
oxide (Al,O;) mixture, a lithium-aluminum mixture, and
aluminum. In some embodiments, the mixture increases the
clectron 1njection property and the durability against oxida-
tion. In some embodiments, the cathode 1s produced by
forming the electrode material into a thin film by vapor
deposition or sputtering. In some embodiments, the cathode
has a sheet resistance of several hundred Ohm per square or
less. In some embodiments, the thickness of the cathode
ranges from 10 nm to 5 um. In some embodiments, the
thickness of the cathode ranges from 50 to 200 nm. In some
embodiments, for transmitting the emaitted light, any one of
the anode and the cathode of the organic electroluminescent
device 1s transparent or translucent. In some embodiments,
the transparent or translucent electroluminescent devices
enhances the light emission luminance.

In some embodiments, the cathode 1s formed with an
clectroconductive transparent material, as described for the
anode, to form a transparent or translucent cathode. In some
embodiments, a device comprises an anode and a cathode,
both being transparent or translucent.

Injection Layer

An 1njection layer 1s a layer between the electrode and the
organic layer. In some embodiments, the injection layer
decreases the driving voltage and enhances the light emis-
sion luminance. In some embodiments the injection layer
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includes a hole injection layer and an electron injection
layer. The injection layer can be positioned between the
anode and the light-emitting layer or the hole transporting
layer, and between the cathode and the light-emitting layer
or the electron transporting layer. In some embodiments, an
injection layer 1s present. In some embodiments, no 1njection
layer 1s present.

Preferred compound examples for use as a hole 1njection
material are shown below.
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Next, preferred compound examples for use as an electron
injection material are shown below.

LiF, CsF,

Barrier Layer

A barrier layer 1s a layer capable of mlibiting charges
(electrons or holes) and/or excitons present in the light-
emitting layer from being diffused outside the light-emitting
layer. In some embodiments, the electron barrier layer is
between the light-emitting layer and the hole transporting
layer, and inhibits electrons from passing through the light-
emitting layer toward the hole transporting layer. In some
embodiments, the hole barrier layer 1s between the light-
emitting layer and the electron transporting layer, and inhib-
its holes from passing through the light-emitting layer
toward the electron transporting layer. In some embodi-
ments, the barrier layer inhibits excitons from being diffused
outside the light-emitting layer. In some embodiments, the
clectron barrier layer and the hole barrier layer are exciton
barrier layers. As used herein, the term “electron barrier
layer” or “exciton barrier layer” includes a layer that has the
functions of both electron barrier layer and of an exciton
barrier layer.

Hole Barrier Layer

A hole barrier layer acts as an electron transporting layer.
In some embodiments, the hole barrier layer inhibits holes
from reaching the electron transporting layer while trans-
porting electrons. In some embodiments, the hole barrier
layer enhances the recombination probability of electrons
and holes 1n the light-emitting layer. The material for the
hole barrier layer may be the same materials as the ones
described for the electron transporting layer.



Preferred compound examples for use for the hole barrier

layer are shown below.
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Electron Barrier Layer

As electron barrier layer transports holes. In some
embodiments, the electron barrier layer inhibits electrons
from reaching the hole transporting layer while transporting
holes. In some embodiments, the electron barrier layer
enhances the recombination probability of electrons and
holes 1n the light-emitting layer.

Preferred compound examples for use as the electron
barrier material are shown below.
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An exciton barrier layer inhibits excitons generated
through recombination of holes and electrons 1n the light-

emitting layer from being dif

used to the charge transporting

layer. In some embodiments, the exciton barrier layer
cnables effective confinement of excitons in the light-emat-

ting layer. In some embodiments, the light emission efii-

ciency of the device 1s enhanced. In some embodiments, the
exciton barrier layer 1s adjacent to the light-emitting layer on
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any of the side of the anode and the side of the cathode, and
on both the sides. In some embodiments, where the exciton
barrier layer 1s on the side of the anode, the layer can be
between the hole transporting layer and the light-emitting
laver and adjacent to the light-emitting layer. In some
embodiments, where the exciton barrier layer 1s on the side
of the cathode, the layer can be between the light-emitting
layer and the cathode and adjacent to the light-emitting
layer. In some embodiments, a hole injection layer, an
clectron barrier layer, or a similar layer 1s between the anode
and the exciton barrier layer that 1s adjacent to the light-
emitting layer on the side of the anode. In some embodi-
ments, a hole injection layer, an electron barrier layer, a hole
barrier layer, or a similar layer 1s between the cathode and
the exciton barrier layer that 1s adjacent to the light-emitting
layer on the side of the cathode. In some embodiments, the
exciton barrier layer comprises excited singlet energy and
excited triplet energy, at least one of which 1s higher than the
excited singlet energy and the excited triplet energy of the
light-emitting material, respectively.

Hole Transporting Layer

The hole transporting layer comprises a hole transporting
material. In some embodiments, the hole transporting layer
1s a single layer. In some embodiments, the hole transporting
layer comprises a plurality layers.

In some embodiments, the hole transporting material has
one of 1injection or transporting property of holes and barrier
property of electrons. In some embodiments, the hole trans-
porting material 1s an organic material. In some embodi-
ments, the hole transporting material 1s an 1norganic mate-
rial. Examples of known hole transporting maternials that
may be used herein imnclude but are not limited to a triazole
derivative, an oxadiazole derivative, an imidazole deriva-
tive, a carbazole derivative, an indolocarbazole derivative, a
polyarylalkane derivative, a pyrazoline derivative, a pyra-
zolone denivative, a phenylenediamine derivative, an
arylamine derivative, an amino-substituted chalcone deriva-
tive, an oxazole derivative, a styrylanthracene derivative, a
fluorenone derivative, a hydrazone derivative, a stilbene
derivative, a silazane dernivative, an aniline copolymer and
an electroconductive polymer oligomer, particularly a thio-
phene oligomer, or a combination thereof. In some embodi-
ments, the hole transporting material 1s selected from a
porphyrin compound, an aromatic tertiary amine compound,

and a styrylamine compound. In some embodiments, the
hole transporting material 1s an aromatic tertiary amine
compound. Preferred compound examples for use as the
hole transporting material are shown below.
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Electron Transporting Layer

The electron transporting layer comprises an electron

65 transporting material. In some embodiments, the electron
transporting layer 1s a single layer. In some embodiments,
the electron transporting layer comprises a plurality of layer.
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In some embodiments, the electron transporting matenal
needs only to have a function of transporting electrons,
which are injected from the cathode, to the light-emitting
layer. In some embodiments, the electron transporting mate-
rial also function as a hole barrier material. Examples of the
clectron transporting layer that may be used herein include
but are not limited to a nitro-substituted fluorene derivative,
a diphenylquinone derivative, a thiopyran dioxide deriva-
tive, carbodiimide, a fluorenylidene methane dernvative,
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anthraquinodimethane, an anthrone derivatives, an azole
derivative, an azine derivative, an oxadiazole derivative, or
a combination thereof, or a polymer thereof. In some
embodiments, the electron transporting material 1s a thiadi-
azole derivative, or a quinoxaline derivative. In some
embodiments, the electron transporting material 1s a poly-

mer material. Preferred compound examples for use as the
clectron transporting material are shown below.
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Hereinunder compound examples preferred as a material
that can be added to the organic layers are shown. For
example, these can be added as a stabilization matenal.
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Preferred matenals for use in the organic electrolumines-
cent device are specifically shown. However, the materials
usable 1n the invention should not be limitatively interpreted
by the following exemplary compounds. Compounds that
are exemplified as maternials having a specific function can
also be used as materials having any other function.
Devices

In some embodiments, an light emitting layer 1s 1ncorpo-
rated 1nto a device. For example, the device includes, but 1s
not limited to an OLED bulb, an OLED lamp, a television
screen, a computer monitor, a mobile phone, and a tablet.

In some embodiments, an electronic device comprises an
OLED comprising an anode, a cathode, and at least one
organic layer comprising a light emitting layer between the
anode and the cathode.

In some embodiments, compositions described herein
may be incorporated into various light-sensitive or light-
activated devices, such as a OLEDs or photovoltaic devices.
In some embodiments, the composition may be useful 1n
facilitating charge transier or energy transfer within a device
and/or as a hole-transport material. The device may be, for
example, an organic light-emitting diode (OLED), an
organic integrated circuit (O-IC), an organic field-ellect
transistor (O-FET), an organic thin-film transistor (O-TFT),
an organic light-emitting transistor (O-LET), an organic
solar cell (O-SC), an organic optical detector, an organic
photoreceptor, an organic field-quench device (O-FQD), a
light-emitting electrochemical cell (LEC) or an organic laser
diode (O-laser).

Bulbs or Lamps

In some embodiments, an electronic device comprises an
OLED comprising an anode, a cathode, and at least one
organic layer comprising a light emitting layer between the
anode and the cathode.

In some embodiments, a device comprises OLEDs that

differ in color. In some embodiments, a device comprises an
array comprising a combination of OLEDs. In some
embodiments, the combination of OLEDs 1s a combination
of three colors (e.g., RGB). In some embodiments, the
combination of OLEDs 1s a combination of colors that are
not red, green, or blue (for example, orange and yellow
green). In some embodiments, the combination of OLEDs 1s
a combination of two, four, or more colors.
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In some embodiments, a device 1s an OLED light com-
prising.

a circuit board having a first side with a mounting surface
and an opposing second side, and defining at least one
aperture;

at least one OLED on the mounting surface, the at least
one OLED configured to emanate light, comprising:
an anode, a cathode, and at least one organic layer

comprising a light emitting layer between the anode
and the cathode;

a housing for the circuit board; and

at least one connector arranged at an end of the housing,
the housing and the connector defining a package
adapted for installation 1 a light fixture.

In some embodiments, the OLED light comprises a plu-
rality of OLEDs mounted on a circuit board such that light
emanates 1n a plurality of directions. In some embodiments,
a portion of the light emanated 1n a first direction 1s deflected
to emanate 1n a second direction. In some embodiments, a
reflector 1s used to deflect the light emanated 1n a first
direction.

Displays or Screens

In some embodiments, the compounds of the mvention
can be used 1n a screen or a display. In some embodiments,
the compounds of the mvention are deposited onto a sub-
strate using a process icluding, but not limited to, vacuum
evaporation, deposition, vapor deposition, or chemical vapor
deposition (CVD). In some embodiments, the substrate 1s a
photoplate structure useful 1n a two-sided etch provides a
unique aspect ratio pixel. The screen (which may also be
referred to as a mask) 1s used in a process 1n the manufac-
turing of OLED displays. The corresponding artwork pattern
design facilitates a very steep and narrow tie-bar between
the pixels 1 the vertical direction and a large, sweeping
bevel opening 1n the horizontal direction. This allows the
close patterning of pixels needed for high definition displays
while optimizing the chemical deposition onto a TFT back-
plane.

The internal patterning of the pixel allows the construc-
tion of a 3-dimensional pixel opening with varying aspect
rati0s 1n the horizontal and vertical directions. Additionally,
the use of 1maged “stripes” or halftone circles within the
pixel area inhibits etching in specific areas until these
specific patterns are undercut and fall off the substrate. At
that point the entire pixel area 1s subjected to a similar etch
rate but the depths are varying depending on the halftone
pattern. Varying the size and spacing of the halftone pattern
allows etching to be mnhibited at diflerent rates within the
pixel allowing for a localized deeper etch needed to create
steep vertical bevels.

A preferred material for the deposition mask 1s invar.
Invar 1s a metal alloy that 1s cold rolled into long thin sheet
in a steel mill. Invar cannot be electrodeposited onto a
rotating mandrel as the nickel mask. A preferred and more
cost feasible method for forming the open areas 1n the mask
used for deposition 1s through a wet chemical etching.

In some embodiments, a screen or display pattern 1s a
pixel matrix on a substrate. In some embodiments, a screen
or display pattern 1s fabricated using lithography (e.g.,
photolithography and e-beam lithography). In some embodi-
ments, a screen or display pattern 1s fabricated using a wet
chemical etch. In further embodiments, a screen or display
pattern 1s fabricated using plasma etching.

Methods of Manufacturing Devices Using the Disclosed
Compounds

An OLED display 1s generally manufactured by forming

a large mother panel and then cutting the mother panel 1n
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units of cell panels. In general, each of the cell panels on the
mother panel 1s formed by forming a thin film transistor
(TF'T) including an active layer and a source/drain electrode
on a base substrate, applying a planarization film to the TFT,
and sequentially forming a pixel electrode, a light-emitting
layer, a counter electrode, and an encapsulation layer, and
then 1s cut from the mother panel.

An OLED display 1s generally manufactured by forming
a large mother panel and then cutting the mother panel 1n
units of cell panels. In general, each of the cell panels on the
mother panel 1s formed by forming a thin film transistor
(TF'T) including an active layer and a source/drain electrode
on a base substrate, applying a planarization film to the TFT,
and sequentially forming a pixel electrode, a light-emitting
layer, a counter electrode, and an encapsulation layer, and
then 1s cut from the mother panel.

In another aspect, provided herein 1s a method of manu-
facturing an organic light-emitting diode (OLED) display,
the method comprising:

forming a barrier layer on a base substrate ol a mother

panel;

forming a plurality of display units 1n unmts of cell panels

on the barrier layer;

forming an encapsulation layer on each of the display

units of the cell panels:

applying an organic film to an imterface portion between

the cell panels.

In some embodiments, the barrier layer 1s an inorganic
film formed of, for example, SINX, and an edge portion of
the barrier layer 1s covered with an organic film formed of
polyimide or acryl. In some embodiments, the organic film
helps the mother panel to be softly cut 1n units of the cell
panel.

In some embodiments, the thin film transistor (TFT) layer
includes a light-emitting layer, a gate electrode, and a
source/drain electrode. Each of the plurality of display units
may 1nclude a thin film transistor (1FT) layer, a planariza-
tion film formed on the TFT layer, and a light-emitting unit
formed on the planarization film, wherein the organic film
applied to the interface portion i1s formed of a same material
as a material of the planarization film and 1s formed at a
same time as the planarization film 1s formed. In some
embodiments, a light-emitting unit 1s connected to the TFT
layer with a passivation layer and a planarization film
therebetween and an encapsulation layer that covers and
protects the light-emitting unit. In some embodiments of the
method of manufacturing, the organic film contacts neither
the display units nor the encapsulation layer.

Each of the organic film and the planarization film may
include any one of polyimide and acryl. In some embodi-
ments, the barrier layer may be an mnorganic film. In some
embodiments, the base substrate may be formed of polyim-
ide. The method may further include, before the forming of
the barrier layer on one surtace of the base substrate formed
of polyimide, attaching a carrier substrate formed of a glass
material to another surface of the base substrate, and belore
the cutting along the interface portion, separating the carrier
substrate from the base substrate. In some embodiments, the
OLED display 1s a flexible display.

In some embodiments, the passivation layer 1s an organic
film disposed on the TFT layer to cover the TF'T layer. In
some embodiments, the planarization {ilm 1s an organic {ilm
formed on the passivation layer. In some embodiments, the
planarization film 1s formed of polyimide or acryl, like the
organic film formed on the edge portion of the barrier layer.
In some embodiments, the planarization film and the organic
film are simultaneously formed when the OLED display 1s
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manufactured. In some embodiments, the organic film may
be formed on the edge portion of the barner layer such that
a portion of the organic film directly contacts the base
substrate and a remaining portion of the organic film con-

tacts the barrier layer while surrounding the edge portion of 53

the barrier layer.

In some embodiments, the light-emitting layer includes a
pixel electrode, a counter electrode, and an organic light-
emitting layer disposed between the pixel electrode and the
counter electrode. In some embodiments, the pixel electrode
1s connected to the source/drain electrode of the TFT layer.

In some embodiments, when a voltage 1s applied to the
pixel electrode through the TF'T layer, an appropriate voltage
1s formed between the pixel electrode and the counter
clectrode, and thus the organic light-emitting layer emuits
light, thereby forming an image. Hereinafter, an image
forming unit including the TFT layer and the light-emitting
unit 1s referred to as a display unit.

In some embodiments, the encapsulation layer that covers
the display unit and prevents penetration of external mois-
ture may be formed to have a thin film encapsulation
structure 1n which an organic film and an inorganic film are
alternately stacked. In some embodiments, the encapsulation
layer has a thin film encapsulation structure i which a
plurality of thin films are stacked. In some embodiments, the
organic film applied to the interface portion 1s spaced apart
from each of the plurality of display units. In some embodi-
ments, the organic film 1s formed such that a portion of the
organic film directly contacts the base substrate and a
remaining portion of the organic film contacts the barrier
layer while surrounding an edge portion of the barrier layer.

In one embodiment, the OLED display 1s flexible and uses
the soft base substrate formed of polyimide. In some
embodiments, the base substrate 1s formed on a carrier
substrate formed of a glass material, and then the carrier
substrate 1s separated.

In some embodiments, the barrier layer 1s formed on a
surface of the base substrate opposite to the carrier substrate.
In one embodiment, the barrier layer 1s patterned according
to a size of each of the cell panels. For example, while the
base substrate 1s formed over the entire surface of a mother
panel, the barrier layer 1s formed according to a size of each
of the cell panels, and thus a groove 1s formed at an 1nterface

portion between the barrier layers of the cell panels. Each of

the cell panels can be cut along the groove.

In some embodiments, the method of manufacture further
comprises cutting along the interface portion, wherein a
groove 1s formed in the barrier layer, wheremn at least a
portion of the organic film i1s formed in the groove, and
wherein the groove does not penetrate into the base sub-
strate. In some embodiments, the TF'T layer of each of the
cell panels 1s formed, and the passivation layer which 1s an
inorganic film and the planarization film which 1s an organic
film are disposed on the TFT layer to cover the TFT layer.
At the same time as the planarization film formed of, for
example, polyimide or acryl i1s formed, the groove at the
interface portion 1s covered with the organic film formed of,
for example, polyimide or acryl. This 1s to prevent cracks
from occurring by allowing the organic film to absorb an
impact generated when each of the cell panels 1s cut along
the groove at the interface portion. That 1s, if the entire
barrier layer 1s entirely exposed without the organic film, an
impact generated when each of the cell panels 1s cut along
the groove at the interface portion 1s transferred to the barrier
layer, thereby increasing the risk of cracks. However, 1n one
embodiment, since the groove at the interface portion
between the barrier layers 1s covered with the organic film
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and the organic film absorbs an impact that would otherwise
be transierred to the barrier layer, each of the cell panels may
be softly cut and cracks may be prevented from occurring in
the barrier layer. In one embodiment, the organic film
covering the groove at the interface portion and the planar-
ization film are spaced apart from each other. For example,
if the organic film and the planarization film are connected
to each other as one layer, since external moisture may
penetrate into the display unit through the planarization film
and a portion where the organic film remains, the organic
film and the planarization film are spaced apart from each
other such that the organic film 1s spaced apart from the
display unat.

In some embodiments, the display unit 1s formed by

forming the light-emitting unit, and the encapsulation layer
1s disposed on the display unit to cover the display unit. As
such, once the mother panel 1s completely manufactured, the
carrier substrate that supports the base substrate 1s separated
from the base substrate. In some embodiments, when a laser
beam 1s emitted toward the carrier substrate, the carrier
substrate 1s separated from the base substrate due to a

difference in a thermal expansion coeflicient between the
carrier substrate and the base substrate.

In some embodiments, the mother panel 1s cut 1n units of
the cell panels. In some embodiments, the mother panel 1s
cut along an interface portion between the cell panels by

using a cutter. In some embodiments, since the groove at the
interface portion along which the mother panel 1s cut 1s
covered with the organic film, the organic film absorbs an
impact during the cutting. In some embodiments, cracks
may be prevented from occurring in the barrier layer during
the cutting.

In some embodiments, the methods reduce a defect rate of
a product and stabilize 1ts quality.

Another aspect 1s an OLED display including: a barrier
layer that 1s formed on a base substrate; a display umit that
1s formed on the barrier layer; an encapsulation layer that 1s
formed on the display unit; and an organic film that is
applied to an edge portion of the barrier layer.

EXAMPLES

The features of the present invention will be described
more specifically with reference to Synthesis Examples, Test
Examples and Examples given below. The matenals, pro-
cesses, procedures and the like shown below may be appro-
priately modified unless they deviate from the substance of
the invention. Accordingly, the scope of the invention 1s not
construed as being limited to the specific examples shown
below. Hereinunder the light emission characteristics were
evaluated using a source meter (available from Keithley
Instruments Corporation: 2400 series), a semiconductor
parameter analyzer (available from Agilent Corporation,
E3273A), an optical power meter device (available from
Newport Corporation, 1930C), an optical spectroscope
(available from Ocean Optics Corporation, USB2000), a
spectroradiometer (available from Topcon Corporation,
SR-3), a streak camera (available from Hamamatsu Photon-
ics K.K., Model C4334), and an extended absolute quantum
yield measurement device (available from Hamamatsu Pho-
tonics K.K., Quantaurus-QY Plus C13534-01).
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(Synthesis Example 1) Synthesis of Compound 1
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In a nitrogen atmosphere, dibenzo[b,d]furan-2-ylboronic
acid (5 g, 23.58 mmol), 1-bromo-3-iodobenzene (8.01 g,
28.3 mmol), tetrakis(triphenylphosphine)palladium(0) (1.36
g 1.18 mmol) and potassium carbonate (9.78 g, 70.74

mmol) were added to a mixed solution of tetrahydrofuran
and pure water (60 ml/30 ml), and stirred at 75° C. for 16
hours. The reaction solution was cooled to room tempera-
ture, and chloroform was added thereto. The organic layer
was washed twice with water, and dried with magnesium
sulfate, and the solvent was removed. The resultant solid
was purified through silica gel column chromatography

(developing solvent: n-hexane) to give a white solid of
2-(3-bromophenyl)dibenzoturan (4.94 g, 65%).

'H NMR (500 MHz, CDCl,, 8): 8.11 (s, 1H), 8.00 (d, J=8
Hz, 1H), 7.82 (s, 1H), 7.63-7.59 (m, 4H), 7.49 (d, =8 Hz,
2H), 7.39-7.33 (m, 2H).

MS (ASAP): 323.62 (M+H"). Caled for C, H,,BrO:

322.00.
B
Br/ / ‘ \
s T
O
Pd,(dba);
tBuzP HBL,
H tBuONa
Toluene -
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-continued

Compound 1

In a mitrogen atmosphere, 2-(3-bromophenyl)dibenzo-
furan (2.51 g, 7.77 mmol), 12H-benzoturo[3,2-a]carbazole
(2.0 g, 7.77 mmol), tris(dibenzylideneacetone)dipalladium
(0)(0.36 g, 0.39 mmol), tri-tert-butylphosphonium tetratluo-
roborate (0.23 g, 0.78 mmol) and sodium tert-butoxide (1.49
g, 15.5 mmol) were added to 60 ml of toluene, and retluxed
for 24 hours. The reaction solution was cooled to room
temperature, and chloroform was added thereto. The resul-
tant organic layer was washed twice with water, and dried
with magnestum sulfate, and the solvent was removed. The
resultant solid was purified through silica gel column chro-
matography (developing solvent: chloroform/n-hexane=V5)

and further recrystallized (toluene/methanol) to give a white
solid of compound 1 (3.48 g, 90%).

'H NMR (500 MHz, CDCl,, 8): 8.28 (d, J=8 Hz, 1H),
8.21 (d, J=8 Hz, 1H), 8.06 (s, 1H), 7.97 (d, J=8 Hz, 1H), 7.88
(m, 2H), 7.79 (t, J=8 Hz, 1H), 7.70-7.65 (m, 8H), 7.46-7.26
(m, 4H), 6.90 (t, J=8 Hz, 1H), 5.93 (d, J=8 Hz, 1H).

MS (ASAP): 500.19 (M+H*). Caled for Cs.H,,NO,:
499.16.

(Synthesis Example 2) Synthesis of Compound 2

H
N
/ \ Pd>(dba)s
\ / tBU3P I— %F4
tBuONa
Toluene

O
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Compound 2

In a mtrogen atmosphere, 2-(3-bromophenyl)dibenzo-
turan (2.26 g, 7 mmol), SH-benzoluro[3,2-c]carbazole (1.8
g 7 mmol), tris(dibenzylideneacetone)dipalladium(0) (320
mg, 0.35 mmol), tri-tert-butylphosphomium tetratluorobo-
rate (205 mg, 0.7 mmol) and sodium tert-butoxide (1.35 g,
14 mmol) were added to 50 ml of toluene, and refluxed for
24 hours. The reaction solution was cooled to room tem-
perature, and chloroform was added thereto. The resultant
organic layer was washed twice with water, and dried with
magnesium sulfate, and the solvent was removed. The
resultant solid was purified through silica gel column chro-
matography (developing solvent: chloroform/n-hexane=%
to V4). This was further recrystallized (toluene/hexane) to
give a white solid of compound 2 (2.3 g, 66%).

'H NMR (500 MHz, CDCl,, 8): 8.61 (d, J=8 Hz, 1H),
8.23 (s, 1H), 8.00-7.94 (m, 4H), 7.84 (d, J=8 Hz, 1H), 7.76
(m, 3H), 7.67-7.34 (m, 11H).

MS (ASAP): 500.17 (M+H*). Caled for C,.H,,NO.,:
499.16.

(Synthesis Example 3) Synthesis of Compound 3

Br ‘/\
S N T
0
Pd,(dba);
i O tBusP HBF,

tBuONa
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Toluene
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SWOR

/

\

Compound 3

In a mitrogen atmosphere, 2-(3-bromophenyl)dibenzo-
furan (0.75 g, 2.33 mmol), 12H-benzoturo[2,3-a]carbazole

(0.60 g, 2.33 mmol), tris(dibenzylideneacetone)dipalladium
(0) (0.11 g, 0.12 mmol), tri-tert-butylphosphonium tetrafluo-
roborate (67 mg, 0.23 mmol) and sodium tert-butoxide (0.45
g, 4.66 mmol) were added to 20 ml of toluene, and refluxed
for 24 hours. The reaction solution was cooled to room
temperature, and chloroform was added thereto. The resul-
tant organic layer was washed twice with water, and dried
with magnestum sulfate, and the solvent was removed. The
resultant solid was purified through silica gel column chro-
matography (developing solvent: chloroform/n-hexane=14).
This was further recrystallized (toluene/methanol) to give a
white solid of compound 3 (0.521 g, 45%).

"HNMR (400 MHz, CDCl,, 8): 8.31 (s, 1H), 8.23 (d, 2H),
8.17 (d, J=8 Hz, 1H), 8.06 (d, J=8 Hz, 1H), 7.92-7.82 (i,
4H), 7.74 (m, 2H), 7.74 (d, J=9 Hz, 2H), 7.58 (d, J=8 Hz,
1H), 7.55-7.30 (m, 7H).

MS (ASAP): 500.38 M+H?"). Calcd for C,.H,,NO.,:
499.16.

(Synthesis Example 4) Synthesis of Compound 14

B

OzN\)\/F
F

~NF

o Pd(PPhs),
K,CO;

-
THF/water
F .

0O NO,

-0

Intermediate A

B(OH),

In a nitrogen atmosphere, dibenzo[b,d]furan-4-ylboronic
acid,  2-bromo-3-fluoro-1-nitrobenzene, tetrakis(triph-
enylphosphine)palladium(0) and potassium carbonate are
added to a mixed solution of THF and pure water (2/1), and
stirred at 75° C. for 16 hours. The reaction solution 1s cooled
to room temperature, and chloroform 1s added thereto. The
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organic layer was washed twice with water, and dried with
magnesium sulfate, and the solvent was removed. The
resultant solid was purified through silica gel column chro-
matography (developing solvent: n-hexane/chloroform=6/4)
to give an intermediate A as a white solid.

C

1
HO\‘/l\
L U

CSEC 03
O N02 -

ST

Intermediate A
Q,a
O .
O NO»

Intermediate B

In a nitrogen atmosphere, the mtermediate A, 2-chloro-

phenol and cesium carbonate was added to dimethyl sulfox-
ide (DMSO), and stirred at 150° C. for 16 hours. The

reaction solution 1s cooled to room temperature, water 1s
added thereto, and the precipitate 1s taken out through
filtration. The resultant residue 1s washed with water. The
resultant solid 1s purified through silica gel column chroma-
tography (developing solvent: n-hexane/chloroform=6/4) to
give an intermediate B as a white solid.

Cl

Pd(OAc),
PCyg
O CSzC 03

DMAc

-

NO,

O
7\ ] Y
—————— —

Intermediate B

-

/ N\

--""""'-—-

7\

"'l-._‘--

Intermediate C
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In a mitrogen atmosphere, the mtermediate B. palladium
acetate, tricyclohexyl phosphine, and cesium carbonate are
added to toluene and refluxed for 24 hours. The reaction
solution 1s cooled to room temperature, the organic layer 1s
washed twice with water, dried with magnesium sulfate, and
the solvent 1s removed. The resultant solid 1s purified
through silica gel column chromatography (developing sol-
vent: chloroform/n-hexane=1/1) to give an intermediate C as
a white solid.

Intermediate C

Intermediate D

In a mitrogen atmosphere, the intermediate C 1s added to
triethyl phosphite, and stirred at 150° C. for 16 hours.
Triethyl phosphite 1s removed, methanol 1s added, and the
resultant solid 1s further washed with methanol. The solid 1s
purified through silica gel column chromatography (devel-
oping solvent: n-hexane/chloroform=4/6) to give a white
solid of an intermediate D.

0O
T S &
Pd,(dba)s

t- BU3PHBF4
t-BuONa

Toluene

Intermediate D
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Compound 14

In a nmitrogen atmosphere, the intermediate D, 2-(3-bro-
mophenyl)dibenzofuran, tris(dibenzylideneacetone)dipalla-
dium(0), tri-tert-butylphosphonium tetrafluoroborate and
sodium tert-butoxide are added to toluene, and refluxed for
24 hours. The reaction solution 1s cooled to room tempera-
ture, and chloroform 1s added thereto. The resultant organic
layer 1s washed twice with water, dried with magnesium
sulfate, and the solvent 1s removed. The resultant solid 1s
purified through silica gel column chromatography (devel-
oping solvent: chloroform/n-hexane=4/6). This 1s further
recrystallized (toluene/methanol) to give a compound 14 as
a white solid.

(Test Example) Measurement of Hole Mobaility

On a glass substrate having, as formed thereon, an anode
of mndium tin oxide (ITO) having a thickness of 50 nm,
HAT-CN was deposited at a thickness of 10 nm, then o-NPD
was deposited at a thickness of 10 nm, the compound 1 was
formed at a thickness of 100 nm, and then aluminum (Al)
was deposited at a thickness of 100 nm to form a cathode,
thereby preparing a hole mobility measurement device 1.
The constituent thin films were laminated at a vacuum
degree of 5.0x10™> Pa in a vacuum evaporation method.

In place of the compound 1, the compound 2, the com-
pound 3 and a comparative compound A were used to
prepare hole mobility measurement devices 2 to 4, respec-
tively.

The current density and the voltage characteristics of the
thus-prepared hole mobility measurement devices 1 to 4
were measured, and according to the following equation of
space-charge limited current (SCL.C), the hole mobility was
calculated, and the results are shown 1n the following Table.
The devices 1 to 3 using the compounds 1 to 3, respectively,
represented by the general formula (1) attained a hole
mobility greater by one order of magnitude or more than the
device 4 using the comparative compound A. From this, it
was confirmed that the compound represented by the general
formula (1) has good hole transportation performance as a
host material.

; 9 v’
= —&,& —
SCLC = g &r&0H(SCLC) T

J: current

€ : relative permittivity
€,. vacuum permittivity
u: hole mobility

d: film thickness

V: applied voltage

106

TABLE 1
Hole Mobility Hole Mobility
Measurement Device Host Material (cm?/Vs)
Device 1 (the invention) Compound 1 03 x 107
Device 2 (the invention) Compound 2 44 % 107
Device 3 (the invention) Compound 3 1.5 x 107
Device 4 Comparative 2.1 x 1077

(comparative example) compound A

g0 O
O N

| Compound 1 O

: :

0 Compound 2 Q

%

m -

2 Compound 3 O

| Y

Comparative Compound A
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NC CN

N
N// \\N

\ /" \_..
N/ \N:27

HAT-CN

7\ o

N
NC /

\

)

a-NPD

(Example 1) Production and Evaluation of Organic
Photoluminescent Device

According to a vacuum evaporation method, the com-
pound 1 and TADF1 were vapor-deposited on a rotating,
substrate from different evaporation sources at a vacuum
degree of 5.0x107> Pa to form a thin-film having a thickness
of 75 nm 1n which the concentration of TADF1 was 20% by
mass, thereby producing an organic photoluminescent
device. The device 1s referred to as FL device 1.

In place of the compound 1 and TADF1, materials shown
in the following Table were used to produce FL devices 2 to

3.

The thus-produced FL devices 1 to 8 were analyzed to
measure the photoluminescence quantum vield (PLQY)
using 280-nm excitation light, and the results are shown in
the following Table. The mixed film in which the host
material of the compounds 1 to 3 of the general formula (1)
was doped with a delayed fluorescent material attained a
g00d photoluminescence quantum yield. On the other hand,
the photoluminescence quantum vyield of the mixed film in
which the comparative compound B was used as a host
material was extremely low. This suggests that the compara-
tive compound not having a benzofurocarbazole group and
a dibenzofurano group cannot function as a host material for
a delayed fluorescent material.

TABLE 2
Organic Photoluminescence
Photolaminescent Dopant Quantum
Device Host Material Material Yield (%)
FL device 1 (the invention) Compound 1 TADF1 83.5
FL device 2 (the invention) Compound 2 TADF1 67.1
FL device 3 (the invention) Compound 3 TADF1 77.0
FL device 4 (the invention) Comparative TADF1 27
Compound B

FL device 5 (the invention) Compound 1 TADFE?2 86.1
FI, device 6 (the mvention) Compound 2 TADF?2 77.5

10

15

20

25

30

35

40

45

50

55

60

65

Organic

108
TABLE 2-continued

Photolaminescent

Device

FL device 7 (the invention) Compound 3 TA

FI. device &

(comparative example)

Comparative TA]

F

Compound B

\\NQ

Dopant
Host Material Material

DE2

DE2

N \ —
OO0

¢

Y D

Q
O—(7

\

4

Comparative Compound B

N
\/l\‘/CN

Ay

TADF 1

S

<

CN
‘ X

N

-,

TADF 2

Photoluminescence
Quantum

Yield (%)

88.1
12.4

AN
2
(D



US 12,163,074 B2

109

(Example 2) Production and Evaluation of Organic
Electroluminescent Device

On a glass substrate having, as formed thereon, an anode
of indium tin oxide (ITO) having a thickness of 50 nm, the
following thin films were laminated at a vacuum degree of
5.0x107> Pa in a vacuum evaporation method to produce an
organic electroluminescent device.

First, on the I'TO, HAT-CN was deposited at a thickness

of 10 nm, then a-NPD was deposited thereon at a thickness
of 30 nm. Next, Tris-PCz was formed at a thickness of 10
nm, and PYD2Cz was formed thereon at a thickness of 5 nm.
Next, a delayed fluorescent material (TADF3) and the com-
pound 1 were co-evaporated from diflerent evaporation

sources to form a layer having a thickness of 30 nm to be a
light-emitting layer. At that time, the content of the delayed
fluorescent material was 45% by mass, and the content of the
compound 1 was 55% by mass. Next, SF3-TRZ was formed

at a thickness of 10 nm, and then Liq and SF3-TRZ were
co-evaporated from diflerent evaporation sources to form a

layer having thickness of 30 nm. The content of Liq and
SF3-TRZ 1n the layer was 30% by mass and 70% by mass,

respectively. Further, LLig was formed at a thickness of 2 nm,

and then aluminum (Al) was deposited at a thickness of 100
nm to form a cathode, thereby producing an organic elec-

troluminescent device. The device 1s referred to as EL. device
1.

The comparative compound A was used 1n place of the
compound 1 to produce EL device 2.

The driving voltage at a current density 12.6 mA/cm” of
cach of the thus-produced organic electroluminescent
devices was measured. The driving voltage of the EL device
1 (the invention) was lower by 0.4 ¢V than that of the EL

device 2 (comparative example). From this, 1t was confirmed

that the organic electroluminescent device using a com-

pound represented by the general formula (1) as a host
maternal for a delayed fluorescent material has good elec-

troconductivity.

N

-
s, s,

N N

Tris-PCz

5

10

15

20

25

30

35

40

45

50

55

60

65

110

-continued
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(Example 3) Production and Evaluation of Another
Organic Electroluminescent Device

Each of the compound 2 and the compound 3 was used 1n
place of the compound 1 1 Example 2 to produce EL
devices 3 and 4.

The dnving voltage of each EL device was measured
according to the same method as i Example 2. In the
tollowing Table, a diflerence of the driving voltage of each
EL device, based on the driving voltage of the EL device 2,
was measured, and the results are shown as “driving volt-
age”. A smaller value means that the driving voltage 1is
lower. In addition, the EL devices 2 to 4 were continuously
driven at a current density 12.6 mA/cm?, and the time taken
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until the emission luminance reduced to 95% of the nitial
luminescence was measured. Results of a ratio of the mea-
sured time of each EL device relative to the measured time
of the EL device 2 are shown in the following table as
“device lifetime”. A larger value means that the device s
lifetime 1s longer.

It was observed that the EL devices 3 and 4 using the
compounds 2 and 3, respectively, of the general formula (1)
could drive at a lower voltage as compared with the EL
device 2 using the comparative compound A. In addition, 1t

was confirmed that the EL devices 3 and 4 using the 10
compounds 2 and 3, respectively, of the general formula (1)
could prevent luminance degradation as compared with the
EL device 2 using the comparative compound A. From this,
it was confirmed that the organic electroluminescent device
using a compound represented by the general formula (1) as 1>
a host matenial for a delayed fluorescent material has good
clectroconductivity and device durability.
TABLE 3
20

Device
Organic Driving Voltage (V)  Lifetime
Electroluminescent [difference from EL  [ratio to EL
Device Host Material device 4] device 4]
EL device 2 Comparative 0 (reference) 1 (reference) 53
(comparative example) compound A
EL device 3 Compound 2 -0.2 1.67
(the invention)
EL device 4 Compound 3 -0.2 1.47

(the invention)

30

(Example 4) Production and Evaluation of Organic
Electroluminescent Device Using Delayed
Fluorescent Material as Assist Dopant

Next, the light-emitting layer in Example 2 was changed >
to a light-emitting layer formed by co-evaporation of a

Organic
Electroluminescent

Device

EL device 5
(tire mmvention)
EL device 6
(the invention)
EL device 7

(the invention)
EL device &

(comparative example)
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delayed tluorescent material (TADF4), the compound 3 and
D35 each from different evaporation sources, and the other
was the same as 1n Example 2 to product EL device 5. At that
time, 1n the light-emitting layer, the content of the delayed
fluorescent material was 30% by mass, the content of the
compound 3 was 69.5% by mass, and the content of D35
was 0.5% by mass. The lowest excited singlet energy of D35
was lower than that of the delayed fluorescent material

(TADFE4).
In addition, EL devices 6 and 7 were produced by

changing the content of the delayed fluorescent material and
the compound 3. Further, a comparative example of EL

device 8 was produced by changing the compound 3 1n the
EL device 6 to the comparative compound A.

The driving voltage at a current density 50 mA/cm” and
the device lifetime of the thus-produced organic electrolu-
minescent devices were evaluated 1n the same manner as in

Examples 2 and 3. The maximum component of light
emission from the EL devices 5 to 8 was emission from D35.

Also 1t was observed that the EL devices 5 to 7 using a
delayed fluorescent material as an assist dopant and using
the compound 3 represented by the general formula (1)
could drive at a lower voltage as compared with the EL
device 8 using the comparative compound A. In addition, 1t
was confirmed that the EL device 6 using the compound 3
of the general formula (1) could significantly reduce lumi-
nance degradation as compared with the EL device 8 having
the same content of the host material but using the com-
parative compound A. From this, 1t was confirmed that the
organic electroluminescent device using a compound of the
general formula (1) as a host material for a delayed fluo-

rescent material and a fluorescent material has good elec-
troconductivity and device durability.

TABL.

L1l
e

Content of Delayed Driving Voltage (V) Device Lifetime

[ratio to

EL device 8]

[difference from

EL device ¥]

Fluorescent

Host Material Material (mass %)

Compound 3 30 -0.2 -
Compound 3 40 -0.2 1.41
Compound 3 50 -0.1 —
Comparative 40 0 (reference) 1 (reference)

compound A
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neighboring R>’s can bond to each other to form a
benzofuro structure or a benzothieno structure; nl, n3
and n5 each independently represent an integer of any
of 0 to 4, n2 represents an 1teger of any of 0 to 3, n4
represents an integer of any of 0 to 2; X represents an
oxygen atom or a sulfur atom; Ar represents a mono-
cyclic arylene group or a monocyclic heteroarylene
group, and the monocyclic arylene group and the
monocyclic heteroarylene group are unsubstituted or
are substituted with at least one group consisting of
deuterium or an alkyl group.

2. The host material according to claim 1, wherein the
compound has a structure represented by the following

wherein R' to R> each independently represent a deute-

rium or a substituent having a Hammett’s op value that
falls within a range of —0.3 to 0.3, R' to R” do not bond
to the other R' to R® to form a cyclic structure, but
neighboring R*’s can bond to each other to form a
benzofuro structure or a benzothieno structure; R6
represents deuterium or an alkyl group; nl, n3 and n5
cach independently represent an integer of any of 0 to
4, n2 and n6 each independently represent an integer of
any ol 0 to 3, n4 represents an mteger of any of 0 to 2;
X represents an oxygen atom or a sulfur atom.

TADF 4
X
‘ general formula (2):
-Bu / \O -Bu 15
O / Q General Formula (2)
20
\ N\‘B N,
/ \ 25
-Bu -Bu 30
D35
REFERENCE SIGNS LIST
35
1 Substrate
2 Anode
3 Hole Injection Layer
4 Hole Transporting Layer
5 Light-Emitting Layer 40
6 Electron Transporting Layer

Cathode

The invention claimed 1s:

3. The host material according to claim 1, wherein the
compound has a structure represented by the following

general formula (3):

1. A host material for use along with a delayed fluorescent 45

material, comprising a compound having a structure repre-

sented by the following formula (1):

General Formula (1)

General Formula (3)

R

50 \\

55

6
Rns \ i~

(R

60  wherein R' to R> each independently represent a deute-

\;\

(RB)HB

wherein R" to R> each independently represent a deute-

rium or a substituent having a Hammett’s op value that
falls within a range of —0.3 to 0.3, R' to R” do not bond
to the other R' to R or Ar to form a cyclic structure, but

65

rium or a substituent having a Hammett’s op value that

falls within a range of —0.3 to 0.3, R' to R” do not bond
to the other R' to R® to form a cyclic structure, but
neighboring R>’s can bond to each other to form a
benzofuro structure or a benzothieno structure; R6
represents deuterium or an alkyl group; nl, n3 and n5
cach independently represent an integer of any of O to
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4, n2 and n6 each independently represent an integer of
any ol 0 to 3, n4 represents an mteger of any of 0 to 2;
X represents an oxygen atom or a sulfur atom.

4. The host material according to claim 1, wherein:

R' to R> each independently represent one group or a
combination of two or more groups selected from the
group consisting of an alkyl group and an aryl group,

Ar represents a monocyclic arylene group optionally
substituted with one group or a combination of two or
more groups selected from the group consisting of an
alkyl group and an aryl group, or a monocyclic het-
croarylene group optionally substituted with one group
or a combination of two or more groups selected from
the group consisting of an alkyl group and an aryl
group.

5. The host material according to claim 1, wherein Ar 1s

a substituted or unsubstituted 1,3-phenylene group.

6. The host material according to claim 1, wherein X 1s an
oxygen atom.

7. A composition comprising the host matenal of claim 1
doped with a delayed fluorescent material.

8. The composition according to claim 7, which 1s a film.

9. The composition according to claam 7, wherein the
delayed fluorescent material 1s a compound having a cya-
nobenzene structure 1n which the number of the cyano group
substituting on the benzene ring 1s one.

10. The composition according to claim 7, wherein the
delayed fluorescent material 1s a compound having a dicya-
nobenzene structure i which the number of the cyano
groups substituting on the benzene ring 1s two.

11. The composition according to claim 7, wherein the
delayed fluorescent material 1s a compound having an
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azabenzene structure in which at least one ring skeleton-
constituting carbon atom of the benzene ring 1s replaced
with a nitrogen atom.

12. The composition according to claim 7 turther con-
taining a fluorescent compound whose lowest excited singlet
energy 1s lower than that of the host material and the delayed

fluorescent material.

13. An organic light-emitting device having a layer of the
composition of claim 8.

14. The organic light-emitting device according to claim
13, wherein the layer 1s formed of atoms alone selected from
the group consisting ol a carbon atom, a hydrogen atom, a
nitrogen atom, an oxygen atom, a sulfur atom, a boron atom,
and a halogen atom.

15. The organic light-emitting device according to claim
13, wherein the layer 1s formed of atoms alone selected from
the group consisting of a carbon atom, a hydrogen atom, a
nitrogen atom, an oxygen atom, and a sulfur atom.

16. The organic light-emitting device according to claim
13, which 1s an organic electroluminescent device.

17. The organic light-emitting device according to claim
13, wherein the composition does not contain the fluorescent
compound, and the maximum component for light emission
from the device 1s light emission from the delayed fluores-
cent material.

18. The organic light-emitting device according to claim
13, wherein the composition contains the fluorescent com-
pound, and the maximum component for light emission
from the device 1s light emission from the fluorescent
material.
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